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WILY (459‏ ذلك يتعرض للمساءلة القانونية li‏ لأحكام القاتون АГ‏ لسنة Г..Г‏ الخاص بحماية الملكية الفكرية. 


CONTENTS 


+ Important physical and mathematical basics. 
+ The used physical quantities, their symbols and units of measurement. 


[=] Waves 
Wave Motion. 
Lesson One Oscillatory Motion. 
Lesson Two Wave Motion. 


* Test on Chapter 1. 


® Light. 
a 
5 Lesson One | Properties of Light 


(Propagation, Reflection 
and Refraction). 


Lesson Two Properties of Light 
(Interference and Diffraction). 


Lesson Three | Total Inlernal Reflection. 
Lesson Four | Deviation of Light in a Triangular Prism. 
Lesson Five Minimum Deviation in a Triangular Prism and Thin Prism. 


* Test on Chapter 2. 


*Accumulative Test on Chapters 1&2. 


Um Г Fluid Mechanics 
Hydrodynamics. 
Lesson One Fluid Flow. 


Lesson Two Viscosity. 


Chapter 


* Test on Chapter 4. 


* Accumulative Test on Chapters 1 =) & 4. 


| Note : | Chapters 3 & 5 will be studied in the Second Term. 


» Monthly tests 
*10 General Exams 


Important physical and 
mathematical basics 


1 | Common 51 prefixes 


Prefix Abbreviation Meaning 
[c Femto f 10755 
Pico р 10-12 
Nano n 10° 
Micro u 10% 
Milli m 10? 
Centi c 102 
Deci d 107! 
Kilo k 10? 
Mega M 10° 
Giga G 10° 
8 Tera T 1012 
UT Wa 4 
m Vor T P x10% x10 ks 
[osom] [mm] (em | [km |) [me] E 
| Ө 
PL QUIS. 
х109 x10 x10? x106 x10 x10 


Ell Perimeters, areas and volumes of some geometric shapes ШЦ 


A. Plane geometric shapes : 


Figure | Square Rectangle 


Circle 


Geometrical | 


shape | 


Perimeter 4t 
L- 


Area (A) e 


B. Solid geometric shapes : 


Figure | Сиһе Cuboid Sphere Cylinder 
сл 
Geometrical | | 
5һаре | | 
Volume 
Fm в ТТЕ me xh 


Graphical representations of some relations between two variables 


Relation 


Graph 


) 


у= тх 
- Atx=zero => y=zero 
* The straight line passes by the origin (0, 0) 


Slope = = = m (Direct relation) 


y=a+mx 
- At x = zero => y = a (positive value) 
* The straight line intersects y-axis at point (a). 


a 
- At y = zero, x = b (negative value) = -— 
Ay = 


Slope = 


SE a 


y=mx-d 
- Aty=zero — x = = с (positive value) 
* The straight line intersects x-axis at 
point (c). 
- At x = zero => y=- d (negative value) 


Slope = 2 = т 


4 


у=а-х 
- The sum of the two quantities x, у at апу 
point = constant value (a) 


- At x = zero = y =a (constant value) 


-Aty=zero = x = а (constant value) 


- The product of two quantities x, y at any 
point equals constant value (a). 


(Inverse relation) 


< 


y =a sin (x) 


- The value of (y) varies between (a, — a) 
with the change of x. 
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The used physical quantities, 


their symbols and units of 


measurement 
Physical quantity Symbol Unit of measurement 
ft = eile a оле: 
Displacement or distance d meter m 
Amplitude | А i meter | m 
Wavelength | А: da) | meter |: m 
Frequency v here =, QS 
(Neo) second 5 

Тіте t second 5 
Periodic time T second A s 
Wave velocity v meter/second m/s 
Refractive index a n 8 Dimensionless quantity 

Speed of light in space c meter/second m/s 
Angle of incidence or reflection ii 0 Я degree deg 
Angle of refraction ө degree | deg 

| Critical angle Q. degree | deg | 
ss apex angle of a prism A degree а deg 
Angle of deviation a degree deg 
Minimum angle of deviation 0, | degree deg 
Dispersive power of the prism O, ып Dimensionless quantity | 
| Mass m kilogram kg 
Volume Va meter? d n? | 
Density p kilogram/meter? kg/m? 
Force F kil Nene 2 S 2 

logram.meter/second kg.m/s’ 

ш [ден А meter? m? 
Free fall acceleration E meter/second? m/s? 
хо абзывае n Newton second/meter" =| Nsm^- 

vs kilogram/meter.second | kg/m.s 
pas flow rate Qi | kilogram/second kg/s 
3 
Volume flow rate Q, d meter"/second PU m B] 


ce 


Waves 


CHAPTER 


CHAPTER 


1 Wave Motion. 


2 Light. 


Chapter One 


Wave Motion 


1 > Oscillatory Motion. 


2 > Wave Motion. 


» Test on Chapter 1. 


Chapter objectives 
By the end of this Chapter, the student should be able to: 


* Recognize the meaning of wave 
motion. 


* Recognize the concept of complete 
oscillation, amplitude, frequency and 
periodic time 


* Mention the types of waves 


* Identify the conditions for obtaining 
mechanical waves 


* Carry out experiments to represent 
the nature of transverse waves and 
longitudinal waves. 


* Compare between transverse and 
longitudinal waves 


* Deduce the relation between speed 
of propagation, frequency and 
wavelength of a wave 


* Compare between mechanical and 
electromagnetic waves 


* Acquire the skills to solve problems 
using the mathematical relations in 
this chapter. 


out thi: 
equilibrium ро, this 


Chapter 


Lesson One 


© You have studied that moti b 
Examples 
Translational x 
| motion pu 
» d “e, 


| Itis a motion between 
| two different points, 
a starting point and an 
end point. 


Periodic 
| motion 
It is a motion that gets "ec 
repeated regularly T 
through equal 
intervals of time. 


» In this chapter, we will study the wave motion, but first, we need to explore some 
important concepts through studying the oscillatory motion. 


(14) 


» Chapter 1 | Lesson One 


The oscillatory motion : -- 
* If a body moves periodically on both sides of a fixed point, It is the motion of a vibrating 
body about its rest position or 
its equilibrium position that 
this motion is called an oscillatory motion such as gets repeated through equal 
intervals of time. j 


whether its motion is in a straight line or in a curved path, 


the oscillation of: 


+ -l ج‎ | | 
SN 7? | == 
/ / | 
| 
| i 
| $ | 
| | 7 = Баа | 
Simple pendulum Vibrating Vibrating string Plumb or bob suspended 
(Clock pendulum) tuning fork (Violin strings) to a spring (Yoyo) 


* In the following, we will study the oscillatory motion through studying the motion of 
a simple pendulum: 
When a bob (suspended weight) of a pendulum is displaced 
sideways its resting position (point X) towards point Y, 
it will be subjected to a restoring force due to gravity, 


therefore when releasing the pendulum, it vibrates back 


5 че 


and forth on both sides of its equilibrium position and repeats x 


its motion in regular time intervals. 


* To study oscillatory and wave motions, we need to explore some initial terms and 
concepts related to oscillatory motion, these physical concepts can be explained using 
a simple pendulum as follows: 


= 


[1] Displacement (d) Amplitude (A) © 
у When a pendulum is oscillating, | When the weight of the pendulum is 
its bob moves sideways its rest position displaced from point X to point Y or Z 
(point X) towards any point in its path and left to oscillate, so it moves between 
of motion such as point O or Q where the two points (Y, Z) where the maximum 
the distance between this point and displacements of the pendulum away 
the equilibrium position is called from its equilibrium position are equal in 
displacement (d). both sides (XY = XZ) and is called the 
amplitude (A). 
ue 
The displacement of a vibrating body :* The amplitude (A) : - 
It is the distance travelled by an oscillating It is the maximum displacement of an 
body from its rest or equilibrium position oscillating body away from its rest or | 
at any moment. i equilibrium position. \ 
It is a vector quantity. «It is a scalar quantity. 
» Its measuring unit is meter (m). « Its measuring unit is meter (m). 


© Complete oscillation 


* When observing the motion of the pendulum bob starting from point X in a certain direction 
until it returns back to the same point again moving in the same direction, so the pendulum 
has made a complete oscillation where its path of motion can be represented as follows: 


6—— —9—— —9—— 


X—-Z Z—-X X—-Y Y—X 
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Hence, we can notice that the pendulum bob passes 
by point X two successive times in the same 
direction with the same velocity, i.e. the body 
has the same phase. 

> If the motion of the body has been observed 
starting from: 


Enrichment information 


© The phase: It is the state of position, 
velocity and direction of the motion 
of the body at a certain instant. 


Point (Y) Point (Z) 
It makes one complete oscillation at the instant of passing again through 
Point (Y) Point (Z) 


As follows 
MEL uU - 


وبنت = 


* 


@ 
«>? 
@ 
Y——-X——e-Z——eX——-Y  Z——-X——-Y——e-X——e-Z 
» Thus, the complete vibration (oscillation) can be defined as: 
Complete oscillation: 


It is the motion of an oscillating body during a period of time when it passes through 
а certain point in its path of motion two successive times in the same direction. 


—o0 The periodic time (T). m an. The frequency (v) کے‎ 
The definition 
> The time taken by a vibrating body to pass P The number of complete oscillations made 
by the same point two successive times by a vibrating body during one second. 


in the same direction (to make a complete 


oscillation). The mathematical relation 


T t (Total time in seconds) v N (Number of complete oscillations) 


= N (Number of complete oscillations) E t (Total time in seconds) 


m 1 
` 4 x The time of an amplitude 


= 4 х The time of an amplitude 


The measuring unit 


pame 


Second (s) which is equivalent to Hertz ! (az) Hertz (Hz) which is equivalent to second! (87) 


(rig) / ۲ث‎ ГАЗ فیزیاء لغات ر الکتاب‎ раа ә 
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The graph of N versus t 


slope=T slope=v 
N t 


The relation between frequency (v) and periodic time (T) 


t N 
T-X А Zi. 
Or 
ie 


А 
Frequency = The reciprocal of the periodic time, so frequency is inversely 
proportional to periodic time. 


* From the previous, we can represent ihe graphs of: 


Frequency versus periodic Frequency versus the reciprocal 

time (v- T) of the periodic time (v - p 

as follows 

v v 

Slope = ——-2 
AQL 
T 
0 
+ 


Notice that: The angle (0) = 45° only if the 
two coordinates are drawn with the same scale 


Notes Н 


(1) The motion of the pendulum bob from point X to point Z 
represents a quarter of a complete oscillation. 


(2) The time taken by, the bob of the pendulum to move from point X 
to point Z equals 4 Ж the periodic time. 


(3) The digit; of the pendulum bob from point X to point Z 
equals the amplitude. 
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In the ideal simple pendulum, the periodic time (T) depends only on the length (/) of 


the thread when the acceleration due to gravity (g) is constant, where: T = 27 ,| — 


1 
8 


| Simple harmonic motion (SHM) Е Enrichment information —— ; 


* Simple harmonic motion is a type of |? 


periodic motion such as the motion of 
2 simple pendulum or a body fixed to 
à spring coil which can be represented by 
a sinusoidal curve (sine wave) as follows: 


+ To clarify the simple harmonic motion, 
we carry out the following experiment: 


In simple harmonic motion, there is 
a force affecting the body (restoring 
force) whose magnitude increases as 
the distance between the vibrating 
body and its initial position of 
equilibrium increases and it has 

a direction that is always toward 

the initial position of equilibrium, 


Ф Put a load on a horizontal smooth plane and attach 
one end of a spring to the load and the other end to 
the wall (fig. 1). 


© At pulling the load to the right, the spring gets 
displaced a distance A and gets elongated (fig. 2). 


© When you release the load, the spring exerts 
a force on the load, pulling it towards the 
equilibrium position (fig. 3). 


© When the load reaches the equilibrium position, its 
velocity becomes a maximum value and the load 
exceeds the equilibrium position and completes 

its motion, hence the spring is compressed and the 
velocity of the load decreases till it reaches zero when 
the load reaches a displacement (A) equal to its 

initial displacement (A) in step @ (fig. 4). 


Equilibrium 
position 
Spring coil 


Horizontal (Fig. 1) | 
smooth plane | LA 

i 

і 

] 


t=0 


Th er 


ОЙЛ 


the compression of coil turns causes the load to return 
again to the equilibrium position at which its velocity 
becomes a maximum value (fig. 5), then the load 


A for another time (fig. 6). 


6 When the spring is compressed, the force resulted from 


passes the equilibrium position to make a displacement 


(Fig. 6) 
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• This motion gets repeated in equal intervals of time, 
so the relation between the displacement of 
the load (d) from the equilibrium position and 
the time (t) can be represented by a sine wave 


function as shown in the opposite graph: 


sine wave for the simple 
harmonic motion 


In the opposite figure: If the time taken by the pendulum 
to move from X to Z is 0.8 s, calculate: 

(a) The periodic time. 

(b) The frequency. 

(c) The number of complete oscillations through 16 s. 
(d) The time required to make 50 oscillations. 


Solution 
(a) 


Q, Clue 
When the bob of the pendulum moves from X to Z, 


it covers half a complete oscillation. 


LEO 
= di =1.6s 
2 
zd ll 
=з =ч 16 0.625 Hz 
tj Jo 
(с) N= 16 10 oscillations 
Another Solution: N =v t = 0.625 x 16 = 10 oscillations 


(d) t=NT=50x 1.6 = 80 s 


Another Solution: t= X= = 80s 
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The opposite graph represents the relation between 
the number of complete oscillations (N) and the time (t), 


then the frequency of motion of this body equals З 
(@) 0.2 Hz ®2Hz ©5Hz @40Hz " 
Solution 


t(s) 
so2N 2. 9 = Slope = 0.2 Hz eo aS 


2. The correct choice is (a). 


The opposite graph represents the relation a €? 
between the displacement (d) of an 10 
oscillating body and the time (t), then ........... 
The number of 
The complete oscillations Hh 
amplitude per minute 

(2| 10cm 15 Жо 

Ф) 20cm 15 

(©) | 10cm 20 

(| 20cm 20 

Solution 
1=1 minute A=? N=? 


77 The amplitude is the maximum displacement of an oscillating body away from its rest 
position. 

.'. From the graph: 

A=10cm 

Т=45 T=— 

Through a minute: 

Natale _ 15 


2. The correct choice is (a). 


you are asked to determine at which of the four points a, b, c or e, 
the object's velocity is greater? What is your answer? 


The opposite graph represents the relation between d 
the displacement (d) and the time (t) for a mass tied 
to a spring and vibrating with frequency 60 Hz, 


then the time taken by the mass to pass between x t 
the two points x, y is .......... е 
@4x 104s ®8x 10795 7 
© 125x 10? s @25x 107s 
Solution 


v = 60 Hz ty=? 


а, Clue 
The motion of the mass between the two points x, y represents E 
complete oscillation and hence the time interval taken by the mass 


to move between them equals E T: 


LU lr 

т 
ЗЗП 

tym 1= 7 gr 125х105 
The correct choice is (c). 


What you have known that the amplitude of the spring is 2 cm, what is the magnitude 
| if 


of the average velocity of the mass when it vibrates between the two points x, y? 


ç Test yourself — — — — 
Choose the correct answer: 

| (1) The opposite figure represents an oscillating simple 
pendulum, so its periodic time equals .......... " 
(a) the time of motion from x to z 
(b)the time of motion from y to z 
(© double the time of motion from z to y 
(d) double the time of motion from z to x 


(2) A simple pendulum vibrates with a periodic time T and 


amplitude A. If the pendulum starts swinging from point x 
in the direction of point y as shown in the opposite figure, 


then the graph that represents the relationship between 


distance (d) of the bob of the pendulum away from point y 


and the time (t) is .......... . 
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the 


Ө The opposite figure represents a body tied to a spring 
that makes a simple harmonic motion such that the 
amplitude of its vibration is A, determine its total 

“displacement and the total distance covered by 
the body when the body makes a complete oscillation. 


A smooth horizontal surface 
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(| Energy transformations during the motion of simple pendulum 


* Before studying the energy transformations in a simple pendulum, let us remember 
the concepts of kinetic energy, potential energy and mechanical energy: 


The concept Example 5s 


1 mee Arunning man 
m Kinetic 
energy The energy possessed by 
ST. STE FES 
the body due to its motion 
KE= 4 my? 
Y Elongation and compression 
2) of a spring 
r^ Potential 1 
energy The energy stored in 
Ф the body due to its state 
PE = mgh or position 
3) Pole vault 
~ Mechanical The summation of xai 
energy [ 
— qq — ——» һе potential energy and 
E=PE+KE the kinetic energy of the body SRD) 
A 


4X In the following, we will discuss the transformations of energy 
in a simple pendulum so that when the pendulum bob shown 
in the opposite figure moves starting from position X, hence: 


At position X‏ ر 


The pendulum bob has the maximum | V 79 š ; х“ " sai 
o height relative to its equilibrium KE=0 
| position. | E-Pp Е KE РЕ 


During its motion from position X to Y ———.. 


* The vertical height of the pendulum bob decreases 
gradually, hence its potential energy decreases. 
* Its kinetic energy increases as its velocity increases. 
i.e. The potential energy gets converted gradually into kinetic 
energy since the mechanical energy is constant at all 
positions. 


Ert 
Y 


At position Y (The equilibrium position) 

* The potential energy of the bob has been completely converted 
© into kinetic energy. 

* The velocity of the bob at this position has a maximum value. 


During the motion from position Y toZ — —. 
* The height of the pendulum bob increases gradually from its | 
equilibrium position, hence its potential energy increases. 
* The velocity of the pendulum decreases gradually as 
its kinetic energy decreases, hence the kinetic energy 
gets converted gradually into potential energy since 
the mechanical energy is constant at all positions. 


4 ———— ——————— At position Z 


The kinetic energy gets converted completely into 
potential energy. 


* In the opposite figure, when the pendulum moves 
starting from point Z, the following graphs represent 
the variations of some physical quantities related 
to the motion of this pendulum as time (t) passes 
through one complete oscillation: 


0 The displacement (d) away from 
the equilibrium position versus time (t). 
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E KE PE 


JA Z 
Y 
v=0 
=0 
E=PE 
— 2 
Equilibrium position 


(9900 


© The velocity (v) versus time (t). 


e The kinetic energy (KE) versus time (t). — 


© The mechanical energy (E) versus time (t). nd 


© The potential energy (PE) versus time (t). م‎ E | Н | 
Nose Шуга ш З 
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-Note : 


* In the opposite pendulum when the pendulum bob is displaced 
from point Y to X then left to vibrate; 


(1) The velocity of the pendulum at point Y is a maximum value. 


(2) The velocity of the pendulum at each of the two points X 


and Z vanishes. 
Hence, we can define the amplitude as follows: 
The amplitude: - 
It is the distance between two successive points in the path of motion of an oscillating 
body whose velocity becomes a maximum value at one of them and zero at the other. 


The opposite figure represents an oscillating tuning 
fork, so the speed of the fork’s arm increases then 
decreases when it moves from ==. - 


@ztox 
(b)xtoy 
@ytoz 


@ x to z then to x 


Solution 


The opposite figure shows the magnitudes of the 
speed of the fork’s arm at the positions x, y and z, it 
is noticed that the speed of the fork’s arm increases 
then decreases when it moves from position y to 


position z or vice versa. 


2. The correct choice is ©). 


you are asked to determine at which position x, y or z, the mechanical energy 
of the tuning fork is the greater ? What is your answer? 
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The opposite figure shows the motion of a simple pendulum 
where xy = yz = zk = kl. If the pendulum takes time t to move 
from x to y, the periodic time is .......... š 


(8) equal to 8 t (b) less than 8 t e 
(c) greater than 8 t (d) indeterminable E : 
Solution 


à Clue 


The pendulum moves from x to z with positive acceleration where its velocity increases as 
it goes down due to the change of its potential energy into kinetic energy, where its average 
velocity through the displacement yz is greater than through the displacement xy, so the 
displacement yz takes time less than t and the same for displacement zk, so the time taken 
to cover the distance xy is greater than half the time of the amplitude 


Że. it is greater than ghe time of complete oscillation. 


~, The periodic time for the pendulum is less than 8 t. 


7. The correct choice is (b). 


© Test yourself. 
i Choose the correct answer: 
| 13 The opposite figure shows the motion of a simple pendulum. 


Пху = у= = Ко оен 

(3) the kinetic energy at k > The potential energy at x 

(b) the potential energy at l < The potential energy at y 

(©) the kinetic energy at y = The kinetic energy at k 

(d) the kinetic energy equals the potential energy at all points 


| EJ The opposite figure shows a vibrating string, which of 
| the following ratios of potential energy is less than one? 


_ B, (РЕ), 
O ву, © eg, 
NIU و‎ 


= (PE), (PE), 


Towatch N 


Chapter Oscill Moti а Же шени 
кы = t oti n use the App 
Questions on Lesson One scia ory 9 
GPS 


The questions signed by 2 are answered in detai. | @ Understand OApply Ф Analyze 


Multiple choice questions 


The motion of a body in a circular path with a constant speed is considered ----- 


Interactive test 


a periodic motion (b) a simple harmonic motion 
(c) an oscillatory motion (d) a wave motion 


The motion of a swing is considered =-= +‏ ر 


7 " " 1 
(® a translational motion (b) a wave motion 
(c) an oscillatory motion (d) a circular motion 


© In the opposite figure, the pendulum makes a complete 
^ oscillation when it moves from <... 
@x—+y 
Ox— y —z 


©x— y—>z—y 


х жу — z — y—x 
© Ж їп the opposite figure, a body moves in an oscillatory motion, s -*— _ 
so the distance which is moved by the body during a complete с А B 


oscillation equals =-= + 
a) double the distance AB (b) double the distance BC 
(b) 
(c) half the distance AC (d) four times the distance BC 


B The opposite figure shows a simple pendulum vibrating with an amplitude 
^ A If its bob has moved from position x to position y then to position z, the 
magnitude of displacement of the pendulum bob equals +... : 
@A ®2А ® 
(3A (d) zero LR 


ө In an oscillatory motion, ће ratio between the time of an amplitude and the time 


К " " 
of a complete oscillation is ---------- . 


2 ра 
92 ®+ @4 @} 


(28) 


> Questions on Chapter 1 | Lesson One a 
e 


@ In which of the following figures is the distance between the two positions x, y 
^ representing the amplitude of vibration? 


(c) (4) 


© The opposite figure shows a string vibrating with a periodic 
^ time T, so the time taken by the string to reach the maximum 
displacement from its equilibrium position is ==- . 


@T 


оз 


@t ®t © 


© The periodic time of an oscillating simple pendulum is the time taken by the pendulum 
bob to pass for two successive times through a point in its path when this point is ===- + 
(а) at the equilibrium position 
(Б) at the maximum displacement away from the equilibrium position 
(с) between the equilibrium position and the maximum displacement in the positive direction 
(d) between the equilibrium position and the maximum displacement in the negative direction 


Ф, Ж The opposite figure shows а person measuring 
^ his pulse rate that is found to be 75 beats per minute. 
What is the frequency and the periodic time of his 
heart muscle motion? 


The frequency | The periodic time 
@ | 0.8 Hz 085 
© 0.8 Hz 1255 
© 1.25 Hz 085 
@ 1.25 Hz 1255 


WEE 


= 
= 1 @Understand OApply @Analyze 


© Ж If a vibrating object takes 0.1 s to complete one oscillation, then the number of 


е complete oscillations made by ће object during 100 s equals -+++ oscillations. 

(@10 (b) 100 (с) 1000 (d) 10000 
Ф Æ The opposite graph represents the relation N 

f between the number of oscillations (N) produced 90 | 
from an oscillating source and the time (t), so 600 
the frequency of the source equals -++ + 400 
(® 10 Hz (®) 20 Hz 200 
(c)40 Hz (@ 800 Hz TO] 


10 20 30 40 


& Which of the following graphs represents the relation between the frequency (0) of 
^a tuning fork and the number of complete oscillations (N) made by the fork? 


v v v v 
NM. ez ^. -_ 
(à) (b) (c) (d) 


Ф Which of the following graphs represents the relation between the frequency (v) and 


* the periodic time (T) of a body making a simple harmonic motion? 


E b 


[157 3# Two simple pendulums (x, y) are oscillating, the ratio between their periodic times 
. 


T v 
Xv T З А i x 
(—*) is 47 then the ratio between their frequencies (5) equals эзе Ч 


®} ®} 


@ 
edo 


(&) 


a 
1 


» Questions on Chapter 1 | Lesson One 2 
LJ 


[16] Ж In the opposite figure, if the pendulum 
° takes 1 s to move from point X to point Y, so 


its frequency equals ---------- " | 
(a)0.5 Hz (b)5 Hz p / 


© 10 Hz (d)50 Hz НИ NEX 


@ * A vibrating body takes 0.01 s to move from its equilibrium position till it reaches, 


^ the farthest position away from its equilibrium position, so its frequency equals -+-+ : 


(@) 20 Hz 6) 25 Hz (c) 50 Hz (d) 100 Hz 


© Ж The ratio between the periodic time and the frequency of a vibrating body equals —— a 55, 


? so the number of oscillations made by the body during 25 s is -= oscillations. 

(a)25 (b) 125 (c) 425 (d) 625 
o Ж In the opposite figure, a flexible oscillating rod = sin =p 

takes time of 0.01 s to move from a to b, then: x n 
(i) Its periodic time з : Y y^ 
(80.02 s (50.04 s b ri 
(6)0.06 s (d)0.08 s Y 
(ii) The amplitude of its oscillation is <. . 
(@)3ст (b)6cm (с)9 ст (d)12cm 


(iii) The value of the average speed of the rod's motion between the two points b, c 
equals эзсе " 
(a) 600 cm/s (b) 300 cm/s (€) 150 cm/s (d) 75 cm/s 


[207 Which of the following figures represents a simple pendulum that has the lower frequency 
? if the time taken by the bob of the pendulum from point x to point y in each of them is t? 


wT 


1 Ф Understand OAgply e Analyze 


In the opposite figure, a simple pendulum makes a simple harmonic 
motion of periodic time T. Starting from point + X, the point at which 
the bob of the pendulum becomes after a time interval of: 

(3 Tignes: 

(2) point -X 

(b) point + X 

(c) point О 

(d) between the two points + X, O 

(i) 3.5 T is «++ E 

(a) point -X (b) point + X 

(c) point O (d) between the two points -X, O 

(iii) 5.25 T is e E 

(2) point + X 

(b) point O 

(с) between the two points — X, О 

(d) between the two points + X, O 


e The opposite graph represents the relation between the d 
T displacement (d) of a vibrating body and the time (t), so 
the time difference between the two points Р, R is ---------- - 
(a) half the periodic time 
(b) double the periodic time 
(c) the periodic time 
(d) quarter the periodic time 


[237 The opposite graph represents the variation of 
? the displacement (d) of a body which makes a simple 


harmonic oscillation with time (t), then: 


(i) The amplitude of its oscillation is equal to ---------- . 


(2)5 cm (b)6cm 
(c) 10 cm (d)20 cm 


(ii) The periodic time of its motion equals ---------- + 


(22s (3s 
(c)4s @ 65 


t(s) 
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e 
e Ж Which of the following graphs represents the relation 
between the displacement (d) from point x for 
the bob of the pendulum shown in the opposite figure 
and the time (t) when the pendulum moves from point x 


to y thenz ? 
d 
d d 
ee se 331: 
© (b) © 


e A simple pendulum vibrates with frequency v and amplitude A, d 
the opposite graph represents the relation between the displacement 
(d) for the bob of the pendulum and the time (t), if the length of 
the pendulum string and the work done on the bob are modified 0 rot 
to increase both the frequency and the amplitude of vibration to 
the double, which of the following graphs represents the relation 
between the displacement (d) and the time (t) for the motion of 
the pendulum in this case? 


d d d d 
S A t AS t Po t 
(a) ® ©) © 


& In the opposite figure, a body suspended to a vertical spring is pulled 
downwards from point B to point C then left to move a simple 
harmonic motion. The total mechanical energy of this body when 


the air resistance is neglected will be -- 
(2) a maximum value at point A 
(b) a maximum value at point B 


(c) a minimum value at point B 
(d) constant at all points 


Сес фу تا‎ [oov /) ААИ قيزياء لغات (الكتاب‎ рма Л 
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1 @ Understand O Apply Ф Analyze 


& The opposite figure shows a load placed on a smooth horizontal 
surface connected to a spring coil while moving a simple harmonic 
motion, if the load passes by position z with a velocity of 0.5 m/s 
towards the left at a certain instant, what will be the position and 
the velocity of the load after it completes one and a half oscillation 


from that instant? 
| | Position Frequency 
2 0 
® y 0.5 m/s towards the right 
© QN 
@ 2 0.5 m/s towards the right 


е Æ In the opposite figure, if the time taken Бу the pendulum 
to move from position x to y is t, and the time taken by 
the pendulum to move from y to z is t,, SO === J 
Ot, -t Dt, >t 
(ot, «t (d) the answer is indeterminable 


® The opposite figure represents four 
positions for a body connected to a spring 


coil during its vibration, at which position ^ m 


the body has the higher € 


Gy 


)z 
@k )! 


(e ©) 


Ф Æ The opposite figure shows a simple pendulum that moves in 
Ра simple harmonic motion of periodic time 2 s, so the time taken from 
the moment at which the bob is left to move from position x until it has: 


(i) The maximum displacement in the negative direction for 


the first time equals + + The m rend motion. 
(2)0.5s Dis © 15s @2s 
(ii) The maximum speed for the first time equals -+-+ + 
(2)0.5s (pis (c)1.5s @2s 


(34) 
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е 


y(m/s) 


The opposite graph represents the relation between 
the velocity (v) of the bob of a simple pendulum and 
the time (t) when it is observed starting from <. : 
(a) its equilibrium position t(s) 
(Ъ) the position of maximum displacement 

(c) the position at which the bob has the maximum 

possible potential energy 
(@ the midpoint between its equilibrium position and its maximum displacement 


e The opposite figure represents a body connected to a spring 
and vibrating between the two points A, D, then the minimum d 
potential energy of the body is at ---------- - 
(3) point A or point D (b) point O 
(c) point B (d) point C 


& The opposite figure represents a string vibrating between 
* thetwo positions x, z, then the kinetic energy of the string 
is converted gradually into potential energy when the string 


moves from ~- 
(@)xtoz (bytoz ()ztoy @xtoy 
Ж Three identical bodies make simple harmonic motions, d 


the opposite graph represents the relation between the 1 
displacement (4) and the time (t) for each of them, so the 
arrangement of these bodies according to the mechanical 
energy of the body is -- 
@1>2>3 
@1>3>2 


[1 What happens to the periodic time of a vibrating object when its frequency gets tripled? 
E Explain your answer. 


e9 Describe each of the transformations of potential and 
^ kinetic energies for the swing shown in the opposite 
figure through a complete oscillation starting from 
the equilibrium position. 


= 
E 1 e Understand OApply G Analyze 


© The opposite graph represents the relation between v(H2 
* the frequency (v) of an oscillatory motion and the 
reciprocal of its periodic time when the two Fd 
coordinates are drawn with the same scale, what is Ae {5 
the value of angle Ө? те) 


© The opposite figure shows the motion of a vibrating string: 
* (а) At which points is the speed of the string maximum? 
(b) At which points is the elastic potential energy of the string 
maximum? 
(c) Find the ratio between the taken time of the string motion 
from b to c and the taken time of its motion from b to a. 


[57 The opposite figure represents two attempts to move the bob ina 
т simple harmonic motion, in the first attempt when it is displaced 
for a distance d, and then left to vibrate and in the second attempt 
when it is displaced for a distance d, and then left to vibrate. What 
happens to each of the amplitude, the maximum potential energy 
and the mechanical energy of the pendulum bob in the second 


attempt compared to the first attempt? 


uestions that measure 
Q À Answered in detail 


Choose the correct answer : 


o9 In the opposite figure, a pendulum vibrates with frequency 0.5 Hz about 
its equilibrium position (Z), if the pendulum starts its motion from 
position Y, so through a minute the bob of the pendulum passes by: 


(i) position Y including the starting instant of motion is -- times. 

(@29 630 (6)31 

(ii) position Z ---------- times. 

(а)30 (6) 59 (с)60 (d)61 
(iii) position X +--+ times. 

(a)29 (5)30 ©31 @ 60 
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° 


(27 Figure (1) shows a pendulum whose equilibrium position is at у oscillating between 
` the two positions x, z and figure (2) shows graphically the relation between 
the displacement (d) of the pendulum bob from position x and the time (t), then: 


d(cm) 


Figure (1) Figure (2) 
(i) The amplitude of the pendulum equals -+--+ + 
(8) 1 em (p)2cm (€)4 cem (d) 8cm 
(ii) The frequency of the pendulum equals +. . 
(@) 0.25 Hz (b)0.5 Hz (©) 2 Hz (d)4Hz 


© A simple pendulum started a simple harmonic motion from the farthest position away 
from its equilibrium position at t = 0. If the periodic time of the pendulum is T, then 
which of the following graphs represents the relation between the kinetic energy (KE) 
к) the pendulum bob Бе: the time (t)? 


NL Na ALI 


Tis ТУАР VE I I3 
2 2 4 2 4 
@) (b) (с) 


Ia 


Ar Т 
4 


ы} 
>} 
TN 


d) 


Answer the following questions : 


© A body suspended by a string is pushed to the right (т) 
to swing left and right about its original equilibrium 
position, the opposite graph represents the relation 
between the displacement (d) starting from the moment ° 
of pushing the body and time (t) through 8 s, if we 
consider that the direction of its motion to the right is 
the positive direction, then at which moment or 
moments during this period the body will be: 

(a) moving towards the right with a maximum speed? 
(b) moving towards the left with a maximum speed? 
(c) static instantaneously? 


i 3 HT 


^ 


4 


What; You think 


happens whe 

n you 
beat a drum» Җ 
Апа why? 


ОЛА ра Wave Motion 
Lesson Two 


Wh happens when a stone 2 
ы is dropped іп а still lake F 


Water waves 


® When a stone is dropped into water (as in the figure): 
=» The collision of the stone with water becomes a source of disturbance. 
« This disturbance propagates on the surface of water in the shape of uniform concentric 
circles, whose center is the position at which the stone falls. 
* These circles transfer energy in the same direction of their propagation. 
* These circles are called water waves and their propagation represents a wave motion. 
> From the previous, we can define the wave as follows: 


The wave : 
It is a disturbance that propagates and transfers energy in the direction of propagation. 


* When a wave propagates in a medium, the particles of the medium vibrate about their 
equilibrium positions without moving away from their equilibrium positions, this becomes 
clear when placing a piece of cork on the surface of water and causing a disturbance in the 
water, we find that the piece of cork moves up and down without moving from its position as 
in the following figures but the waves propagate in the water and thus energy is transmitted. 


Direction of wave propagation 


Cork 


"es 


Figure (1) Figure (2) Figure (3) 


» Chapter 1 | Lesson Two 


pes of waves 


» Many forms of waves exist around us, some waves can be seen such as water waves, 
other waves cannot be seen but we can detect them such as radio and X-ray waves. 


First Second 


* Waves can be | 
classified into: Mechanical waves Electromagnetic waves 


| First | Mechanical waves 


» Source: Mechanical waves are produced due to the vibration of a body in a medium, so 
the vibration (disturbance) propagates from the body through the medium. 


» Propagation: They need a medium through which they can propagate. 


» Examples : 
WT `- 
LLG 
Il 
Water waves Sound waves Waves that propagate in 
strings during their vibrations 
Conditions of obtaining mechanical waves 
i il i " The occurrence of a disturbance that 
1 те саах «а vibrating "EST transfers from the source to the medium: 
© Like : А vibrating string. Like the formed disturbances when the arms 


\ » The vibrating arms of a tuning fork. } \ of a tuning fork gets vibrating. ў, 


| Тһе existence of a medium to transmit the disturbance: \ 
e Mechanical waves (like sound waves) need a medium through which they can 
travel because the particles of the medium vibrate about their equilibrium positions 
without moving away from their positions to transfer the mechanical energy of the 
wave, so they can not propagate in space. 


j 
= 1 
= 
2 
-Nete: 


* Since sound is a mechanical wave, it cannot propagate in 
empty space, so: 


- The sounds of cosmic explosions that happen in the outer space 
cannot be heard. 


- Astronauts use wireless devices to communicate in space. 


|| Types of mechanical waves 


——À9- ig 


| Transverse waves | | Longitudinal waves | 


E Transverse waves J 


To describe the nature of transverse waves, we carry out the following experiment: 


Experiment] 


Gteps and observations: " memes کی‎ 
1. Bring a long rope and fix its end to a vertical wall. E 


2. Hold the other end of the rope with your hand. 


3. Move the end of the rope with your hand up and / EN 
E iei АЕ Pa сБ 
return it to the original position once. f 


Observation: A pulse wave is generated through the rope, 


A pulse : «---------------------------- 
It is a single disturbance in the form of a half wave. 


Explanation: 


- Energy gets transferred from the source to its See вора 


adjacent part in the rope, hence this part moves | 
upward. | 
- The tension force in the rope brings this part SSS SS 
downwards, hence the energy gets transferred to $ 
next adjacent part, so this part moves upward and hy 
so on. “ss s узуу» 
- The parts of ће rope vibrate up and down 
successively. f j 
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4. Continue in moving the end of the rope up and Direction of wave 
propagation 


down with a constant rate. 
Observation: The end of the rope moves 
upwards and downwards in a simple harmonic 


| motion that transfers along the rope as 


continuous wave pulses (transverse wave 


train) (figure (2)). 
(Conclusion: 
(1) The direction of propagation of the wave A transverse wave. 
through the r is: It is a wave in which the directions 
то A P eas Р of medium particles vibrations 
| ‘The airection of energy propagation: about their equilibrium positions 


- Perpendicular to the direction of motion 
| (vibration) of the medium particles (the rope) 


are perpendicular to the direction of 
wave propagation. 
about their equilibrium positions. 


| (2) The transverse wave consists of crests and troughs as shown in the following figure: 


The position that represents 


the maximum displacement of the The position that represents the 
medium particles in the positive maximum displacement of the 
direction (positive pulse). ] medium particles in the negative 


\ direction (negative pulse). 


Direction of wave 


propagation 
hi 8 С. Wavelength LG 
о 
ДАО ЗР NACE ЖЕ Во. ЧИР 

Bs 
28 
а t = Wavelength > 

a 


— 


dud ^. Trough 


(The distance between two successive crests or two 
successive troughs or any two successive points along 
the direction of propagation that are in the same phase 
is called the wavelength of the transverse wave (A). 


- Notice that: 


А medium particle has the same phase at a definite position, when it passes through that 
position two successive times with the same velocity (including magnitude and direction). 


сз: py ve (Sy فيرياء لغات (الكتاب الاساسى)/‎ раа Л 


1 


Examples of transverse waves : 


умт 


Battle rope waves Water surface waves 


Graphical representation of transverse waves *— — 


* The motion of the particles of the medium in which the transverse wave propagates 
can be represented through the graphs of : 
Ө The displacement of the particles of Ө The displacement of one of the 
the medium (d) versus the horizontal medium particles (d) versus time (t). 


distance (x) covered by the wave at 
a certain instant. 


i 
„We geta sine curve | 


The two points b,c / Thetwo points ek 3 \ 
have the same phase have the same phase 


From the two graphs, we find 


_ N (Number of waves) _ 1 


x (Total distance) 
t (Time in seconds) T 


© N (Number of waves) 


* From the previous, we can define the wave amplitude (A) as follows: 


The wave amplitude (A) : 
It is the maximum displacement of the vibrating medium particles away from their 


equilibrium positions. 


(42] 
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Notes : 


(1) Transverse waves can be obtained by using a load held to a vertical spring that can 
vibrate up and down about its equilibrium position. The load is attached to a horizontal 
rope whose other end is fixed to a vertical wall, as the following figure: 


Direction of wave 
propagation 
———- 
£g» 


Direction of load 
motion 
| 
Una 
arm 
i 
1 


In such case, the frequency of the transverse wave that propagates in the rope equals 

the frequency of the oscillatory motion of the load that is suspended to the spring. 
(2) The amplitude of a transverse wave propagating in a stretched string depends on 

the work done by the vibrating source (the hand or a vibrating load) and that work 

gets transferred through the particles of the string in the form of: 

- Potential energy as a tension in the rope. 

- Kinetic energy as a vibration in the rope. 


(3) The amplitude of the wave doesn't depend on any of the frequency or the wavelength 
of the wave. 


Enrichment information 


* Travelling waves and standing waves can be distinguished from each other as follows: 
Travelling wave — - 


Standing wave 


The wave that propagates in one The wave that results from the overlap 


direction continuously moving away of waves that get reflected repetitively between 
from its source. two points. 


A standing wave on a string stretched between two clamps 


1 d(cm) 


The opposite graph represents a transverse 
wave, calculate: 


(а) The amplitude. 
(6) The frequency. 


t(s) 


(c) The periodic time. 
(i) The wavelength. 


UNIT ^ 


1 


Solution 
N _225_ 
(a) A 2 5cm (b) 9-75 =0.5 Hz 
E EE 
((T=2s (A= 75557 4cm 


crest and the tenth crest by a definite point in the direction of wave propagation, 


ЕЗ you are asked to determine the time interval between the passing of the second 
i what is your answer? 


(т. 

The opposite graph represents the relation between the ү 

displacement (d) of the medium particles in which a 

transverse wave is travelling at a certain instant and the | x (em) 
distance (x) travelled by the wave, if the distance between 

the first trough and the seventh crest is 5.5 cm, the 

wavelength of the wave equals = 


(a)5.5 cm (b) 5cm c) 1cm (d 0.5 cm 
Solution 
x=55cem А=? 


The number of waves between the first trough and the seventh crest: 


N=(7-1)-4=55 کک کے‎ om 


2. The correct choice is (c). 


The opposite graph represents the relation between the 
displacement (d) of the medium particles and the distance 
(x) travelled by two transverse waves (a), (b), so the ratio 


a 
between their wavelengths () equals rn. 
b 


OEA 5) 2 qt D+ 
2j or л 93 
Solution 

а, Clue 


From the graph, we find that when the two waves cover the same horizontal distance, 
wave (а) makes 1.5 complete waves and wave (b) makes 0.5 complete wave. 
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fog Xs 

“hE 

ON 05.1 
N, 715.3 

The correct choice is (d). 


Í What | You are asked to determine the ratio between the amplitudes of the two waves 
Gs). what is your answer? 
Ay 


ç Test yourself. 


ü The opposite graph represents a transverse wave, 
calculate: 


(a) The periodic time. 
(b) The frequency. 
(c) The wavelength. 


п Choose the correct answer : 


The opposite graph represents the relation 
between the displacement (d) and the time (t) 
for a transverse wave, then: 


(i) The wavelength for this wave is ............... . 


(2c ib 


(02e @2a 
(ii) The amplitude of this wave is ...... : 
Gc [on @ та Gl» 


* (iii) Increasing the wavelength to the double leads to ............... ^ 
(a) increasing distance c to four times its original value 
(b) increasing distance a to the double 

| (©) decreasing distance b to its half 

(d) unchanging distance e 


UNIT — 


И Longitudinal waves J 


To describe the nature of longitudinal waves, we carry out the following experiment: 


Experiment] 


Steps and observations: 


1. Put a load (m) on a smooth horizontal plane and 


attach the load between two springs, one of them 
is longer than the other and each of them is 
attached to a wall (figure 1). 

2. Pull the load to a distance x to the right side. 

3. A part of the spring which is adjacent to the 
load gets compressed at the right side forming 
a pulse of a compression (figure 2). 

4. Leave the load free, so the load returns to its 
equilibrium position by the effect of the force 


generated in the spring at the left of the load, while 


the pulse of compression travels through the spring 


to the right of the load (figure 3). 


Fig. (5) 


5, The load exceeds the equilibrium position, moving 
to the left, creating a rarefaction in the spring 
towards the right (figure 4). 
6. The motion of the load gets repeated to the right and the rarefaction pulse travels to 


the right (figure 5). 


(Conclusion: 


(1) During the vibration of the load, a wave propagates in the spring where the direction of 
vibration of the medium particles is along the same line of the wave propagation, such 


wave is called longitudinal wave. 


f 
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(2) The longitudinal wave consists of a group of compressions and rarefactions which 
transfer along the spring as shown in the following figure: 


The region where the particles of the The region where the particles of the 
| medium become close to each r^ A medium become far from each other.) 
Compression Compression Rarefaction 
it — 7—1 
Direction 
of wave propagation 
—À 
t Wavelength | t Wavelength | 
Ф Ф 


Direction of vibration of 
medium particles 


f The distance between the centers of two successive compressions, \ 
two successive rarefactions or any two successive points along 
the direction of propagation that are in the same phase is called 
the wavelength of the longitudinal wave. 


» Examples of longitudinal waves : - Sound waves in gases. — - Waves inside water. 


— ‘Graphical representation of longitudinal waves *— 


© When we plot the relation between the displacement of Comp: Ré 
the medium particles and the distance travelled by the ui mi i | (ЇЇ 
wave at a given instant or between the displacement Po Tg i 
and the time for the motion of the medium particles in Disp. д а Lo, Pa 
which the longitudinal wave propagates, we get a sine | ( 
wave curve as shown in the opposite figure, hence all 
the concepts and the laws of the transverse wave are 


Distance 
or time 


applicable to this curve. 


7 Notes : 


(1) We can get transverse and longitudinal waves using a long spring coil: 

A transverse wave or a longitudinal wave can be produced in a long spring coil depending 
on the direction of the vibration of the wave source (a vibrating body) where the particles 
of the medium vibrate in the same way as the vibrating source, when fixing a spring coil 
horizontally from one of its ends while moving the other end of the coil: 


UNIT — 
= 


Up and down - : ы Back and forth 


Î The formed wave will be i 
' Transverse Longitudinal 


موم 


OH DR ( ЛИИ 


И) 


(2) The pulse can be defined as а single disturbance forming a single half wave such 
as a single crest, a single trough, a single compression or a single rarefaction. 
Crest pulse 
Compression pulse 


бИ 4 
/ Trough pulse Ў 


> From the previous, we can compare between the two types of mechanical waves 
(transverse and longitudinal) as follows: 


E———X 3 Ж.‏ د 
Transverse wave T Longitudinal wave‏ 


Cut Уу, Rarefaction 


ТЇ 


Wave form 


Trough ^ | 7X 7 Compression 


Direction of Perpendicular to the direction 


vibration of of wave propagation. 
medium particles 


Along the line of wave 
, propagation. 


| The distance between the centers 
of two successive compressions 


The distance between two 
successive crests or two 


+ Wavelen Е А 
gth successive troughs. or the centers of two successive 
| rarefactions. 
E 1 * Propagating waves in strings. * Sound waves in gases. 
Aumples * Waves on water surface. * Waves inside water. 
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The opposite figure represents a longitudinal wave. Wave direction 


If the distance between the two points a and b is 1.7 m 
and the time taken by the wave to travel from c to d is 
c d 


0.015 s, calculate: a b 
(a) The wavelength of the longitudinal wave. 
(b) The frequency of the wave. 
Solution 

| Xy 717m t,70015s Az? v=? 

x 1.7 
(a). = 20 == =3.4m 

Nap 5 

_ Ма 15 _ 

(b) v= E 700157 100 Hz 


kx "A you are asked to calculate the distance between the two points a, d and the time 
taken by the longitudinal wave to travel between them, what will be your answer? 


| Test yourself mm Crm» 


1 E The opposite figures show two tuning forks 000,0000000000000 0000000000000) 
attached to two springs. 
What is the type of wave that will be 
produced in each case when the forks vibrate? 


п Choose the correct answer : | 
The opposite figure represents a longitudinal Direction of ive bopsgation 


wave, then the ratio between the two 


X, 
distances — is .................... j 
Xde 


$1 ® 
DE @ 


JUL 


elo Уы 
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Second Electromagnetic waves 


© Concept: 
Electromagnetic waves : . y 
They are waves that originate from the vibration of 
electric and magnetic fields with the same frequency 


where both fields are in the same phase perpendicular Direction 
to each other and to the direction of their propagation. “ i WOVE 
propagation 


© Propagation: They travel either in physical media 
or in empty space where their speed in space reaches Magnetic field 
its maximum constant value that equals 3 x 105 m/s. 


© Types: Transverse waves only. 


© Electromagnetic spectrum: Wavelength increases 
Microwaves 
йй Radio waves 


-— | 
Frequency increases 


400 nm Visible light 700 nm 
2 From the previous, we can compare between mechanical and electromagnetic waves 
as follows: 
Mechanical waves ^ ] ° Electromagnetic waves 
Waves originated from the | Waves originated from the vibration 
vibration of medium particles either | of electric and magnetic fields 
Concept 


perpendicular to the direction of | perpendicular to each other and to 
wave propagation or along the line | the direction of the wave 
of the wave propagation. | propagation. 


They require a medium through | They don’t require a medium 
Propagation Which they can propagate. | to propagate, so they can travel 
¦ through empty space. 


Types Transverse and longitudinal waves | Transverse waves only 


= Water waves. — * Sound waves. 
* Propagating waves in strings. 


Radio waves. * Light waves. 
; * X-ray waves. 


Examples 
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Е Deducing the speed of propagation of the waves: 


«If a wave has travelled a distance x 
through a time interval t, the speed of the 


Wave speed (v): 
It is the distance travelled by the wave in 


wave (v) is calculated from the relation: one second in the direction of propagation. 


x 

v-T 
t 

So, if the distance equals its wavelength 

(A), then the wave takes a time equal to 


its periodic time (T). 
REL VST 


Displacement 


у= 


ale 


This relation is applicable to all types of waves (mechanical or electromagnetic). 


The factors that affect | the speed of a wave in a medium: 


(1) The type of wave (mechanical or electromagnetic). 
(2) Type of the medium material (solid, liquid, gas). 


(3) The physical properties of the medium material (such as the density, elasticity, temperature) 
and it does not depend on the frequency of the wave, its wavelength or its amplitude. 


Note: ——————— 


| * When applying the relation of v = А on: 


Two waves of the same type 


A wave travelling from one medium 
propagating in the same medium 7 


to another 


. The frequency of the wave remains constant 
‚ because the wave frequency depends on 

‚ the source frequency. 
i 


The speed of the two waves will be the 
same because the wave speed depends 
only on the medium type. 


Vy Yo Vy = Vy 
ы NAT 
v; = رار‎ | ee ky 
mom | LN 
^, 9i | ۸ E 


t here T 
A, and u q are the wavelength and the frequency | A, and v, are the wavelength and the speed in 
of the first wave, dy and v, are the wavelength 
and the frequency of the second wave. 


the first medium, A, and v, are the wavelength 


and the speed in the second medium. 


[81] 
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* The wavelength is inversely proportional to * The wavelength is directly proportional to 


the frequency (0) at constant wave speed (v). the wave speed (v) at constant frequency (V). 
; Graphical representation - 
v \ ааа У 
Р 1 
T A 
7 A 
Slope = о ay | Slope = 2У = | 
e | АЎ, J 
AC X ) = 2 J 


Electromagnetic waves propagate in space at a speed c = 3 x 108mls, If the wavelength 
of an electromagnetic wave is 5000 A, what is the frequency of this wave? 
(Given that: 1 Angstrom (А) = 107 10m) 


Solution 


3x 108=5x 107 xv 


8 
0=.3х10. 6 x 10 Hz 
5x10 
What you are asked to calculate the average time taken by the light to reach the Earth 
| | from the Sun knowing that the average distance between the Sun and the Earth 
is 1.5 x 108 km, what will be your answer? 


The opposite graph represents the relation 
between the displacement (d) of one of the 
particles of a medium and the time (t) for a 
longitudinal wave propagating in this medium, 
then the speed of propagation of this wave in 
the medium equals ------ 


(8) 150 m/s (b) 200 m/s 


(©) 225 m/s (d) 300 m/s 


[55] 
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Solution 


248 -o4em 


=x 
1= 975 
N 


ъ= №= 15-1250 Hz 
t 12x10 


vy =A 0 = 24 х 107 х 1250 = 300 m/s 


2. The correct choice is @. 


What you are asked to determine whether the ratio between the speed of wave 
if 


propagation and the average speed of the vibration of one of the medium particles 
is greater than one, equal to one or less than one? What will be your answer? 


A sound wave of wavelength 4 propagates in air with a speed of 330 mls, if it has 
travelled to another medium in which its speed is 990 mls, then its wavelength 
increases by ............. i 

۸ O2۸ ($34 OLLY 


Solution 


^ The wave is transferred to another medium. 


^. The wave frequency (v) is constant. 


V № 

№ А 

330 А 

990 A+ AN 
3N=A+AA 
A1=21 

7. The correct choice is (b. 


Two tones, whose frequencies are 340 Hz and 212 Hz, travel in air. If the wavelength 
of one of them is longer than the other by 60 cm, then the speed of sound in air 
«Бай... ; 


(23379 m/s (5430 m/s (6342.1 m/s (€) 343.2 m/s 


Solution 


Q, Clue 
When two waves have the same speed, the longer wavelength belongs to 
the smaller frequency. 


A =A, +АА=А +06 


3. 340 s AES 
Dy X0 "= ORAS X 


340A, 22122,1272. , =m 
= 159 = 

= 159х340 = 337.9 m/s 

*. The correct choice is (a). 


The opposite graph represents the relation between the А 

wavelength (А) for two waves (х, у) propagating in different x 
media and the speed (v) of these two waves in each of these 

media, so which of the following relations is correct? y 


(аут, «T, (BD, >, 
©T,>T, (OD, =v, 
Solution 


ES (slope). > (slope), 
у>, Т, >T, 
2. The correct choice is (c). 


What | you know that one of ћемо waves (x, y) is a red light wave and the other is a blue 
if | light wave, so which of them is the red light wave and which is the blue light wave? 


ў Choose the correct answer: 
sound in the two media (=) equals ............. $ 
2 


OE: ®$ ©t @F 


©) ж If the ratio between the frequency of a man's sound and that of a girl's sound 
is i then the ratio between the speeds of the sounds of the man and the girl in air 


94 9$ Ot ox 


ü A vibrating string produces a sound wave of frequency v, wavelength À and speed v, 
if the frequency of this string is increased, what will happen for each of the wave 


speed and the wavelength? 
The wave speed The wavelength of the wave 
(a) | Increases Increases 
® Increases Decreases 
© Doesn’t change Increases 
@ Doesn’t change Decreases 


п Which of the following graphs represents the relation between the speed (у) of 
multiple sound waves propagating in air and the wavelength (A) of these waves? 


п 3% If a sound wave has travelled from one medium to another so that the ratio between 
its wavelengths бу in the two media equals i , then the ratio between the speeds of | 


TESE 
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Wave Motion ere 
Questions on Lesson Two & 
GPS 
The questions signed by Ж are answered in detai. | 9 Understand OApply e Analyze Г] 
LJ 
Multiple choice questions 
Interactive test 
[17 Waves transmit -+ in the direction of their propagation- 
matter (b) particles © energy @ water 


© Ж The opposite figure represents two waves interfering on 
* the surface of water, which two points in the figure represent 
the sources of these waves? 


@P,S OTR 
©Q,T @U,Q 


© The opposite figure shows a wave propagating on the 
* surface of a still lake, so this wave propagates іп -+-+ : 
(@) one direction with an increasing speed 
(Б) two opposite directions with two different speeds 
(с) all directions with the same speed 
(@ all directions with increasing speed 


© A load is suspended to a piece of cork that floats on the Piece of cork 

~ ^ Water surface 
surface of the water as shown in the figure, when a wave х ‚ eet Y 
passes on the surface of water in the direction from x to 
у, in which direction does the piece of cork move? 
(3) Right and left. (Б) Up and down. me 
(c) From x to y. (d) From y to x. Е 


(B) A train of waves passes оп ће water surface 


* ofa lake as shown in the opposite figure. a 
What will be the level at which the surface 5 Р 
of water settles after the waves finish 
passing? 
(DA В (c (др 


j In the opposite wave, which of the points a, b,c,d ay yb си 
үре, o 


^ have the same phase? 
@a,b,c а,Ь (©)Ъ,с ` @ь,а 
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d(cm) 
+ The opposite figure represents the relation between the b 


yertical displacement (d) of one of the medium particles and 

the time (t) for a transverse wave of frequency that equals 

50 Hz, then the time interval taken by the medium particle ы t6) 
to move between the two points a and b is ............. . 


(a) Zs (b) ds 
(ds OPE 
8 The opposite figure represents a transverse wave, so : d(cm) 
(i) The amplitude of this wave is 
(2)2cm (b)3 cm 
(c)4cm (d)6 cm 


(ii) The frequency of this wave is ............. . 
(a) 100 Hz (b) 125 Hz 
(c) 250 Hz (d) 500 Hz 


о Æ If the time interval between passing the first crest and the tenth crest by a point in 
the path of a wave motion is 0.2 s, then the frequency is ............. . 


(a) 45 Hz (5) 50 Hz (©) 55 Hz (d)60 Hz 


Ф A girl dropped a stone in water pond and watched the formed waves. She found that 
° 18 waves had collided with the edge during 10 s. If the distance between every two 


successive crests was 12 cm, so ............. ESIA А 


| The wavelength (cm) | The frequency (Hz)) 
e| a | i d 
® 24 06 | 
© 12 18 
(d) 12 0.6 
e 3K The opposite two figures represent two water waves ea ОШ LL 


^ Pand Q propagating for a distance x with the same speed, 
which of these two waves has the largest amplitude and 


which has the highest frequency? EX. ike dia 
! 
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The wave of the largest | The wave of the highest ) 
amplitude frequency 
© P P 
® P Q 
© Q Р 
\@ Q Q 


(D) Ж The opposite graph represents the relation 
between the displacement (d) of the particles 
of a medium in which a transverse wave 
propagates with frequency v, amplitude A and 
the distance (x) travelled by the wave, if: 
(i) The frequency of the wave is doubled at constant 


amplitude, then distance ++... . 
) b increases to the double 


(а) a increases to the double 


(с) c decreases to its half (d) e decreases to its half 

(ii) The amplitude of the wave is doubled at constant frequency, then distance = + 
(а) a decreases to its half (b) b decreases to its half 

(c) c increases to the double (d) e increases to the double 


B) Ж If the wavelength of a transverse wave is A, then the distance between the first crest 
and the crest of order n equals ---------- : 


(8)nX O (n+ DX ($(n-1)À @ 4354 
e In the opposite wave, if the distance Direction of wave 
propagation 
M ib ae „мз 


between the first crest and the third trough 
is 100 cm, then the wavelength for this wave 


equals -- 
(a) 10 cm (6) 20 cm ©) 40 cm (0) 70 cm 


© The following figures show four sources of waves, which of them produces longitudinal 
+ * waves in its surrounding medium? 


v £f € 


Light bulb Horn speaker TV remote control Water surface waves 
© ® © @ 


[58] 
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[16] The opposite figure represents a model of sound "e "WES AS S We Wu 3 
* t چ‎ aby, Soa, Ө oc ® оо, о 
wave propagating through air inside a tube opened e Ares Sra Ai. Әла 
А Е 2 
from both ends, how to describe region Q? a 5s <2 = 
(2) A region of high density which is called compression. Q Air molecule 


(b)A region of low density which is called compression. 
(С) А region of high density which is called rarefaction. 
d)A region of low density which is called rarefaction. 


[7 If the distance between two successive points having the same phase for a wave equals 
^ 50 ст, then the wavelength of this wave equals 


(220.125 m (b)0.25 m ©05m (dim 
Ф Which of the following figures represents the propagation of а longitudinal wave? 
Direction of wave propagation Direction of wave propagation 

م uices‏ کی 

=— م à‏ پپپ 


Direction of particles vibration Direction of particles vibration 


(а) (5 
Direction of particles 
vibration 
Direction of wave propagation 
Direction of wave. Direction of particles 
propagation vibration. 
| (c (d) 


© In the opposite figure, a longitudinal wave propagates 00 M 0 
^” ina spring, then the wavelength of this wave is the mM ONN | | | | NN | | | | Ni ji 
distance .......:..... « Q. ¥ 


P 
@РО ®2РО ox Oxy 


© When the frequency of a wave gets doubled, the periodic time of the wave gets 
^ @ halved (b) doubled ©) quadrupled (d) unchanged 


The opposite graph represents the relation 
between the displacement (d) of the particles 
of a medium in which two sound waves (a), (b) 
propagate and the distance (x) travelled by 


the two waves in the same time interval so: 
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v 
(i) The ratio between the frequencies of the two waves GI ds : 
b 


1 2 > 1 a d 
Gr OF 92. @1 
(ii) The ratio between the amplitudes of the two waves (x) gs ^ 

b 


1 ту 2 (el a@ 4 
Gr OF О 5 @т 
D Sound travels in air as ............. . 
. " 
(а) longitudinal waves (b) transverse waves 
(c) longitudinal and transverse waves (d) electromagnetic waves 


® The opposite figure represents a wave propagating 
е ' 1 
in a rope, then this wave is «+--+ . 


(а) a longitudinal wave of wavelength x 


(b) a longitudinal wave of wavelength y 
(с) a transverse wave of wavelength x 


(d) a transverse wave of wavelength y 


e What is the characteristic that describes all the longitudinal waves and does not describe 
^. all the transverse waves? 
(a) They can be travelling waves. 
(b) They require a medium in order to propagate. 
(c) They transfer energy in the direction of their propagation. 


(d) Their speed of propagation differs from medium to another. 


® The opposite graph represents the relation d(cm) 
^ between the displacement (d) of one of the 2 
medium particles and the time (t), then the 1 
wave represented by the graph .......... à 0 


t(s; 
- (а) could be transverse or longitudinal of 36 i 2 
amplitude 2 cm M 
(b) is certainly not longitudinal and its 
amplitude is 2 cm 
(c) could be transverse or longitudinal of amplitude 4 cm 


(d)is certainly not transverse and its amplitude is 4 cm 
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Ж Graph (2) represents the position of 
a travelling wave in a string after 0.0255 
from its position that is represented in 


graph (1), then the frequency of the wave 


equals eee А 

@ 7.5 Hz 

(b) 10 Hz 

© 15 Hz B 

(d)30 Hz $ 
© 


Which of the following statements is correct for all transverse waves? 

(a) They are electromagnetic waves. 

(b) Their speed in a medium equals the product of their frequency and wavelength. 
(c) They can propagate through space. 


(d) They cause vibrations of the medium atoms through which they propagate. 


A wave propagates in a string and the opposite graph represents 4 
the relation between the displacement (d) of one of the string 

particles about its equilibrium position and the time (t), which of 

the following graphs represents the relation between the kinetic 2T 


energy (KE) of this particle and the time (t)? 


& ® © Ф 
® When a pulse is made in a rope, the speed of the pulse along the rope <... - 
. 


(2) remains constant (b) decreases 
Ez wW 
(c) increases (d) increases then decreases 
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Ж A transverse wave propagates through a thin thread at speed 300 m/s. If the distance 


between two successive crests is 3 m, so the wave frequency equals ............. " 


(2)0.01 Hz b) 100 Hz 


(c) 300 Hz (d) 900 Hz 


9 Ж A wave of frequency 100 Hz is generated in a string, so it has a wavelength of 


0.5 m, then : 


(i) The wave speed through the string equals ...... 


(a) 25 m/s (b) 50 m/s 


(c) 100 m/s (d) 200 m/s 


(ii) If the frequency increases to 300 Hz at constant speed, the wavelength 


becomes . 
(2)0.03 m 020.17 т 


(с)3т (d)6m 


A girl stood on the beach to watch the waves. She observed that every two seconds four 


waves hit a rock in front of her where each wave has a length of 0.5 m, so the wave 


speed is ............. Р 
(a)0.2 m/s b) 0.25 m/s 


c) 0.5 m/s (d) 1 m/s 


® If the frequency of a wave in a given medium decreases to its half, then ............. d 


e ux : 
(а) its wavelength increases to the double 


e 


° between the vertical displacement of one of 


(c ) its speed decreases to the half 


1) its wavelength decreases to the half 


(d) its speed increases to the double 


The opposite graph represents the relation between (ст) 


the displacement of medium particles (d) and 


the propagation distance (x) of a transverse wave at 


a certain instant. If the frequency of this wave is 
80 Hz, its speed of propagation equals ............ . 
(10.64 m/s (6) 0.32 m/s 


Ж The opposite graph represents the relation 


the medium particles (d) and the time (t) for 
a wave, then: 

(i) The amplitude of that wave is ............. . 
(а)9 ст (p) 17.5 cm 


(c)18 cm (d)35 cm 
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(ii) The frequency of the wave is ............. $ 


@ 17Hz (8)2.5 Hz @33 Hz @5Hz 


(iii) The propagation speed of the wave is ... 
(a) 0.5 m/s (b)0.6 m/s (c) 50 m/s (d) 60 m/s 


© Which of the following graphs represents the relation between the wavelength (A) for 


т multiple sound waves propagating in air and the frequency (v) for each of these waves? 


M uw. E. i, 


(а) ® 


9 Ж A sound source produces tones with different 0 (Hz) 


frequencies propagating in air, the opposite graph iso 
represents the relation between the frequency (0) 

and the reciprocal of wavelength 9 for these 

waves, then the speed of the sound wave propagation 


through the air almost equals ............. А 


(8) 2 m/s (b) 50 т (©) 254 m/s 


The opposite graph shows the relation between the speed (v) and 

the wavelength (A) for two different waves of the same type (A and 
B) when they propagate through many different media, so «+++ 
(v b 


> Us «V, 


A A B 


(OT. T, ($T, »T, 


& Two laser rays, one of them is red and the other is green, propagate in space, so the two 
* 
rays certainly have the same ---------- ` 


(a) intensity (b) frequency (c) speed (d) wavelength 
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[40] An electromagnetic wave of wavelength À and frequency v propagates in air with speed c, 
^ so which of the following choices represents the wavelength and the speed of another 


electromagnetic wave that has frequency 3 and propagates in air? 
The wavelength The speed 
a А © 
@ 2 s 
® x c 
(c) 21 c 
(d) 2X 2c 


3# The human ear can hear frequencies between 20 Hz and 2 x 10^ Hz, then the shortest 
and the longest wavelengths that can be heard by the human ear respectively are ............. 2 
(Given that: The speed of sound in air = 340 m/s) 

(@) 0.06 m, 59 m (5) 6800 m, 6.8 x 10°m 

(c) 0.017 m, 17m (4) 0.005 т, 0.05 m 


[127 Ж If the number of waves that pass by a certain point every 5 s is 50 waves and the 
© distance between the first and the fourth crests is 120 cm, then the speed of the wave 
propagation is ............. d 
(2)3 m/s (b) 4 m/s (c) 300 m/s (d) 400 m/s 


®© Ж The opposite figure represents a source vibrating with 
a frequency of 4 Hz producing waves that propagate on 
the surface of water with a speed of 0.4 m/s as concentric 
circular ripples around the source, given that each circle 
represents a crest, so the distance between the second and 
the fifth crest equals ч . 
(2)0.1 m (502m (00.3 m @05m 


A small stone has fallen into a pond of still water, circular waves 

are formed on the water surface as shown in the opposite figure 

where each circle represents a crest of a wave, if the speed of the Ө? Q 
water waves is v and its wavelength is À, then the time taken by 

the disturbance to move from point P to point О equals ---------- . 

exc 


D س‎ ( 
Dzy Oy & 


(64] 


bi he: 
<|> 
© 
je 
> 
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© Ж If the speed of water waves that pass by a certain point is 1.5 m/s and there are 30 waves 
pass by this point in 1 s, then the number of waves in a distance of 60 m equals ............. я 
(а) 3 waves (Б) 40 waves (c) 400 waves (d) 1200 waves 


Ж A transverse wave is propagating in different media and the following graphs 
represent the relation between the vertical displacement (d) of the medium particles at 
a certain moment and the propagation distance (x) of the wave with the same scale in 


these media. In which medium does the wave have the highest speed? 
d(m) 
d(m) 


9 Ж The opposite figure shows a wave which 
is travelling through medium a then it moves 
to another medium b, so the ratio between 
the speed of the wave in medium a to its 


speed in medium b Ge) КТҮҮ : 


$ $4 ©} @} 


© If the terminal of a spring is being moved to make a transverse wave of wavelength 
? 30 cm and periodic time 0.1 s, then the terminal of the spring is being moved to make 
a longitudinal wave of periodic time 0.2 s which has the same speed as the transverse 
wave, so the wavelength of the longitudinal wave equals ............. . 
(2) 7.5 cm (b) 15 ст (©)30 cm (d) 60 cm 


Carey le ey [CL فيزياء لغات (الكتاب‎ ja gl 
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3# If the distance between the second crest and the seventh crest in a transverse wave is 
20 m and the time interval between passing the first crest and the fifth crest by a certain 
point in the path of the wave is 0.1 s, then: 

(i) The wavelength of the wave equals ............. х 


(а)02 т (b)0.25 m (d)5m 
(ii) The speed of the wave propagation equals ............. . 
(a) 250 m/s (b) 160 m/s (€) 10 m/s (90.1 m/s 


Ж A stone was thrown into a lake, so 50 waves were formed after 5 seconds from the 


о s 2 P К 
collision of the stone with the water, when the radius of the outer circle was 2 m, then: 


$ 


(i) The wavelength of the wave is ............. . 
(2) 0.04 m ®©) 0.08 m (с)25т (O 100 m 


(ii) The frequency of the wave is .. i 
(850.1 Hz (b) 10 Hz (c)25 Hz (d) 250 Hz 


(iii) The speed of the wave propagation is ............. - 
(а)2.5 m/s (b)2 m/s c)1 m/s (04 m/s 


Ж A train was at rest in a railway station when it blew a whistle of frequency 300 Hz. 

A man at distance 0.99 km from the train heard the sound 3 s later after being produced, 
then the wavelength of the sound equals P 
(8)1.1m 020.91 m (c)0.11 m (d)0.09 m 


Ж A tuning fork of frequency 200 Hz was struck and put at one of the openings of a tube 
of length 8 m that was opened at both ends. If the beginning of the first wave reached the 
end of the tube when the sixth wave was about to enter the tube, the speed of sound in air 


(a) 360 m/s (b) 340 m/s (©) 330 m/s (d) 320 m/s 


Ж Two sound waves a, b, whose frequencies are 512 Hz and 256 Hz respectively, 
propagate in a certain medium; so: 


у, 
(i) The ratio between their speeds (s) MCN E г 
b 


a) 2 bi oil @ 3 
@ 1 b) 1 c d)4 
(ii) The ratio between their wavelengths Ge) LN EE 

a) 2 Б 1 53 @t 
G4 Ф) 2 OF @3 
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e ЖЕ A light ray falls on the separating surface between two transparent media. If the 


ratio between the speeds of the light wave in the two media is G= =3 2), then the ratio 


between the frequencies of the light waye in the two media GD equals .............. 
2 


(о) 


к, сүй: 
IDE (b, 3 


© A sound wave of frequency 512 Hz travels from air to water. If the speed of sound in air is 
* 340 m/s and in water is 1360 m/s, so the frequency of the wave in water equals ~- 
(a) 128 Hz (b) 256 Hz (©) 512 Hz (d) 2048 Hz 


Ж Electromagnetic waves were transmitted from a wireless transmission station towards a 
satellite with a speed of 3 x 10% m/s and after 0.03 s the station received the reflected waves 
from the satellite, hence the distance between the Earth and the satellite equals ............. A 
@ 4.5 x 10° m (5) 9x 105m © 2x 10^ m (d) 1 x 10 m 


& Ж In the opposite graph, curve A represents the d(m) 
relation between the vertical displacement (d) of 
the medium particles and the horizontal distance 
(x) covered by the wave at a certain instant while 
curve B represents the same relation for the same 


wave after passing 2 s, then the speed of wave 


propagation equals с 1 
(2) 1.25 m/s (b) 2.5 m/s (©) 5 mis (d) 40 m/s 


Ж The opposite graph shows the relation between vH) 
the frequency (v) and the wavelength (A) for the 
waves produced from several tuning forks that 

vibrate in air, so the value of X is . 
(0.8 т b) 12m 


(cl6m (2m 


Ж The vertical distance between a crest and its successive trough in a transverse wave 
equals the horizontal distance between them. If the speed of the wave is 3.2 m/s and its 
frequency is 16 Hz, so its amplitude equals 
® 0.5m ®02m 


(d) 0.05 m 


(67) 
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Ж A stationary ship A sends two sound signals to another stationary ship B, one signal 
through air and the other through water. If the signal that is transmitted in air reaches ship B 
after that transmitted in water by 6 s, then the distance between the two ships is .. 


(Given that; The speed of sound in air is 340 m/s and in water is 1480 m/s) 


(3.8 x 107 km (5)2.65 km 
(©) 1658.9 km (@) 2648.42 km 


Æ The opposite graph represents a wave travelling through d(cm) 
a medium with a speed v. If the wave has moved to another 
medium where its speed becomes 2 v, so the graph which 


represents the wave in the second medium will be ............. . 


d(cm) 


e 3K If the distance between the centers of a compression and its successive rarefaction 
in the path of a longitudinal wave is 0.15 m v the time taken between their pass by 


a certain point in the path of the wave is —— 0% then the speed of the wave propagation 


is 
equals зз. 
(a)22.5 m/s (845 m/s 
(©)90 m/s (d) 100 m/s 
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Essay questions 


© The opposite figure shows a pulse moving 
* through a spring. 500 
Study the figure and answer the following questions: 


(a) What is the type of the produced mechanical wave in the spring? 
(b) What is the direction of motion of the medium particles with respect to 
the direction of wave propagation? 


e In a rainy day, a boy noticed that he saw the lightning before hearing the thunder, 
^ explain this observation. 


© Two glass jars contain two alarm clocks. 
^ Tf one of them contains air and the other 
is evacuated from air, which of the two 
alarms can be heard? And why? 


© Explain the following statements: 
M: Electromagnetic waves don't need a medium through which they can propagate. 
(2) We see the light of the Sun and don't hear the sound of the explosions on its surface. 


(3) Astronauts use wireless devices to communicate on Moon. 


If a rope is fixed to the wall and its other 
terminal is being moved up and down so that 

a wave is produced in the rope as shown in the 
figure, so if you move your hand faster without 
changing the vertical displacement of your 
hand’s motion or the tension force in the rope, 
what happens for each of the following : 

(a) The amplitude? (b) The wavelength? (c) The frequency? 
(d) The periodic time? (e) The wave speed? 


[6] The opposite figure shows the sound waves 
^ which are produced by a man and a girl : 


wT 


d 


(a) Which of the two sound waves is travelling 
faster? And why? 
(5) Which of the sound waves has higher 


ШШШ 
frequency? And why? oo 


СЗ 
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[77 The opposite graph shows the relation between — a(m) 
* ihe vertical displacement (d) and the time (t) of 2 
a wave motion which is formed in a rope: 
(a) What is the type of the formed wave 
in the rope? 


(b) Calculate the frequency of the wave. 
(c) Plot using the same scale the relation ar i 
between the displacement (d) and the time (t) 
for a wave that has double the frequency 
and half the amplitude of this wave. 


Choose the correct answer : 


(© The opposite figure shows a transverse mechanical 
wave propagating in a medium from left to right, Pos 
so in which direction the particle P moves at 


the shown instant? Direction of wave propagation 
(&)Rightward (Leftward 
(©) Upward (d)Downward 


[27 The opposite graph represents the relation 
between the displacement of the medium 
particles (d) through which a wave propagates 
and the horizontal propagation distance (x) of 
this wave, if one of the medium particles takes 
time t to have a displacement of 4 cm away 


from its equilibrium position, then the wave 
moves through the time t a distance of ........... à 
(@)10 cm (b)20 cm (c)40 cm (980 cm 


[7б] 
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© Two tones have frequencies 680 Hz and 425 Hz in air. If the wavelength of one of them 
is greater than the wavelength of the other wave by 30 cm, then the speed of sound in air 


equals ............. . 
(a) 320 m/s (b) 330 m/s (с) 340 m/s (d) 544 m/s 


o A boy heard the thunder 18.74998 s after seeing the lightning produced in a thunderstorm 
that was at a distance 6 km away, so the speed of sound in air was ............. - 
(Given that : The speed of light in air = 3 x 105 m/s) 
(2) 360 m/s (b) 340 m/s (c) 330 m/s (d) 320 m/s 


Answer the following questions : 


e The opposite graph represents the relation between d(cm) 
the vertical displacement (d) and the propagation 
distance (x) for three waves (1, 2 and 3) where 
each one of them propagates separately in a tight 
string stretched by a fixed tension force. Rank 
these waves in a descending order according to: 


(a) Wavelength. 


(b) Frequency. 


Test on AM Wave Motion 


Choose the correct answer (1 :15) 


o The opposite figure represents the (displacement d(cm) 
- time) graph for a particle in a medium that 
transmits a transverse wave, SO ............. А 


Amplitude (A) ст | Frequency (v) Hz 
@ 6 2.5 
(b) 6 04 
© 3 1.25 
@ 3 08 7 
© The opposite graph shows the relation between the | Am) 


wavelength (À) and the frequency (V) of the sound 
waves produced by a number of tuning forks that 
vibrate in air, so the value of X is ............. ` 

@)75 Hz 

(b) 120 Hz 

© 122 Hz 

(d) 150 Hz 


v(Hz) 


© The ratio between periodic time and frequency of an oscillating object equals ES 52,50 


.... oscillations. 


the number of oscillations that are produced in 20 s equals .. 


(8) 170 (6) 289 (€)340 (d) 510 


ө А sound wave travelled from air to a liquid, hence its wavelength got changed from 0.5 m 
to 2.1 m, given that the speed of sound in air is 330 m/s, then the speed of sound in that 


liquid is ............. А 
(a) 1420 m/s (b) 1386 m/s (€) 1320 m/s (d) 693 m/s 


» Test on Chapter One 2 
e 


e Which of the following graphs represents the relation between the frequency (0) for 
a simple pendulum and its number of oscillations (N)? 


v v 


N N 
(€ ) ( d 


(6) The opposite graph shows the relation between the wavelength (A) 
and the speed (v) of two different waves (A and B) when they 
propagate in different media, so ............. 


(8) T, > Tg (b) TA « Ty 


(€) 04 7 Ug O0, = 8 


9 When the terminal of a long spring is moved in such a way to make a longitudinal wave 
of wavelength 25 cm and periodic time 0.25 s, then it is moved to make a transverse wave 
of periodic time 0.1 s that travels at double the speed of the longitudinal wave, so the 


wavelength of the transverse wave is ... 
(а) 10 ст (b) 12.5 ст (220 ст (d, 50 ст 


© A transverse wave of frequency 1.7 Hz travels at a speed of 3.4 m/s. If the vertical 
distance between a crest and a trough in it equals the horizontal distance between a crest 
and the successive trough, so the amplitude of the wave equals ............. . 
(a)0.25m (b)0.5m (©)0.75 т im 


© Two sound waves of frequencies 300 Hz, 600 Hz travel in air, so the ratio between their 


speeds is ............. t 
=~ 1 ee 
OL b 1 


(a) 


4 a4 


Ф A pebble fell into the surface of still water, so 120 wave ripples аге produced during half 
a minute. If the radius of the external circle is 3 m, the speed of propagation of the wave 
equals ............. . 

a) 0.01 m/s b)0.1 m/s ©)0.5 m/s (d) 1 m/s 
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®© By increasing the frequency of a vibrating source that is attached to a stretched string at 
constant tension force by 50 %, then the wavelength of a wave that travels in the string 
becomes ............. of the original wavelength. 


E: i 92 @3 


Ф If the elapsed time interval between the passage of the first crest and the eleventh crest by 
a point in the path of a wave motion is 0.15 s while the distance between those two crests 
is 45 m, then the speed of propagation of this wave equals ............. . 
(25 100 m/s b) 200 m/s (©) 300 m/s (d) 400 m/s 


© In the opposite figure, if the pendulum was 
making 30 complete oscillations per one minute, 
then the frequency and the periodic time of the 
pendulum motion are . 
(2)0.5 Hz, 2s 
(6)0.5 Hz, 0.5 s 


© If a wave travelled from a medium to another so that its speed increased by 20 %, then 
the percentage of change in the wavelength of that wave equals ............. . 
(a) 10 % (b) 20 96 (c) 30 96 (d) 40 96 


© The two opposite graphs show the relation between the dem) 


displacement (d) of the particles of a medium and both of 

the time (t) and the distance (x) of propagation for the same 
wave motion, then the speed of the wave equals ............. . 

(2) 108 m/s d(cm) 
(b) 216 m/s 
(©) 432 m/s 
(d) 864 m/s 


x(cm) 


(74] 


» Test on Chapter One a 


. 
| Second | Answer the following questions (16 : 18) 


© The opposite figure shows a pendulum that is displaced away 
from its equilibrium position to point x then left to swing, 
explain the energy transformations just after leaving the 


pendulum directly till it returns to its equilibrium position again. 


Ф Two light waves x, y. one is red and the other is blue, are A 
propagating in different media. The opposite graph represents x 
the relation between the wavelengths (À) of the two waves y 
and their speeds (v), then which of the two waves x, y is red? me 
Explain your answer. + 
© A sound wave travels inside a glass tube from terminal x to terminal y каю — 


as shown in the opposite diagram, describe how air molecules move 
inside the tube, with explanation. 


5 % 


Chapter Two 


Е 
wt 


Light 


E 


> Properties of Light (Propagation, Reflection and Refractio 


> Properties of Light (Interference and Diffraction 


» Total Internal Reflection. 


» Deviation of Light in a Triangular Prism. 


5 


* Test on Chapter 2. 


» Minimum Deviation in a Triangular Prism and Thin Prism. 


» Accumulative Test on Chapters 1 & 2. 


Chapter objectives 


By the end of this Chapter, the student should be able to: 


* Mention the properties of light waves 


* Discover the two laws of light reflection 
and light refraction 


Deduce Snell's law 


Carry out an experiment to explain 
the light interference phenomenon 
and determine the wavelength of 
a monochromatic light 


Carry out an experiment to expl 
the occurrence of diffraction of light. 


Compare between the reflection of light 
the refraction of light, the diffraction of 
light and the interference of light 


Identify the critical angle and the total 
internal reflection of light. 


* Explain the working principle of optical 


fibers, the reflecting prism and 
the mirage phenomenon 


Differentiate between the normal 
prism and the thin prism 


* Deduce the laws of a prism in the 


normal case and the special cases 


* Carry out an experiment to trace 


the path of a light ray through 


g 


a triangular prism 

Explain the dispersion of light by using 
a triangular prism 

Deduce the dispersive power of a prism. 
Acquire the skills of solving problems 
by using the mathematical relations in 
this chapter 


Chapter 2 


Lesson One 


In the study of the nature of light, physicists were divided into two groups: 


| The first : Los i = 
They agree with e? 
Isaac Newton’s idea > и 
which considers light 3 d 
as very tiny particles. \ 
D Н 3 m 


T The second: | 


They agree with 
Huygens' idea which 


considers light as waves 
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• However, modern physics (quantum physics) has proven the principle of dual nature of 
light, which states that the electromagnetic radiation has: 
1. Wave nature: They are transverse electromagnetic waves. 


2. Particle nature: They consist of energy quanta that have particle nature called photons. 


e Electromagnetic waves have an extensive range of frequencies and wavelengths, this 


range is called: 


{ The electromagnetic spectrum | 
and it includes 
j | T | 
p | 4.8 
& | P| в | ^^ 
| Radio tate | Ultraviolet | Gamma 
_ waves. waves | J/, | , waves _ | rays 
چک‎ E е 
“Microwaves, | Visible ad | ME 
| waves y 


Visible Light 


Radio waves Microwaves Ultraviolet X-rays — Gamma 


^ 10 10° 10+ 105 10* 10? 10* 10° 10% 10" 10" 10^ 


© From the figure, it is clear that visible light is a limited part of the electromagnetic spectrum 
and in the following, we will study some of its properties: 


Some properties of visible light waves 


[ | | | | 
First. Second Тыта , Fourth —, , — Fifth —, 
[ Propagation | | Reflection | | Refraction | Interference | | Diffraction | 


UNIT 
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Light propagation 


* Light that is originated from a point source propagates 


in a homogeneous medium in straight lines as concentric 


spheres of disturbances centered around the light 
source and that can be illustrated through representing 


the wavefronts as shown in the opposite diagram: 


A wavefront + 


It is a surface in the path of wave motion on which the disturbances at every point have 


the same phase. 


Wavefront 


22 
© 


Light ray 
irection of wave 
propagation) 


Wavefronts can be of three types depending on the source of light as follows: 


Plane wavefronts 


Obtained when waves are 

coming from: 

* A laser light source. 

* A very distant light source 
(like the Sun). 


—— 


Laser source 


V 


Light reflection 


“© Occurrence: 


When light waves fall in a medium 
on a reflecting surface, they bounce 
back in the same medium and this 
phenomenon is known as light 


reflection. 


Obtained from a point 
source that sends out waves 
in three dimensions in 

a homogeneous medium 

as spherical wavefronts 
centered on the source. 


— ©. 
Cylindrical wavefronts 


Obtained when waves are 
resulted from a longitudinal 
light source such as when 
light is passed through a fine 
rectangular slit. 


\ 


e 
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+Х Light reflection, angle of incidence and angle of reflection can be defined as follows: 


Light reflection - 
| It is the bouncing back of light waves in the same medium when sities: encounter 


a reflecting surface. 


The angle of incidence (фл) А The angle of reflection (,) 
It is the angle between the incident light It is the angle between the reflected light 
ray and the normal line on the reflecting ray and the normal line on the reflecting 
surface at the point of incidence. : surface at the point of incidence. 


| The reflection of light obeys two laws, which are: 


{ The first law Angle of incidence (=) Angle of reflection 


i { 
Н É Н | 
30° 30° 60° 607 - LA 80° 


| The second fier 


Normal line — . 


—t 
The incident light ray, the reflected light ray and the 
normal line at the point of incidence all lie in the same 


i 

1 
1 
1 
1 
Н 


plane which is perpendicular to the reflecting surface. 4 Ni ~ Reflecting 
SE > 
Wem سے‎ 
М. 
-N otes: 


(1) Light reflection can be represented using wavefronts 
as shown in the opposite figure: 


(2) The light ray that falls perpendicular to 
a reflecting surface gets reflected on itself 


because the angle of incidence = The angle of reflection = Zero 


QV : تا رم‎ (SY /) الكتاب الأساسى‎ ( cd فيزياء‎ раба ә 81 


UNIT — 


1 


(3) When plotting the relation between the angle of 
reflection (ф,) and the angle of incidence (,), we get 
a straight line and when the two axes have the same 
drawing scale, the straight line will make a 45° angle 
with the horizontal axis as in the opposite graph: 45° b 
1 


(4) It is easier to see your reflected image on the glass window of a lighted room at night 
when the outside is dark than seeing your reflected image at daytime: 


' 
Because 
کے‎ 


© When outside of the room is dark: © When outside of the room is lighted: 


The intensity of light passing from The intensity of light passing from 
outside into the room is more lower outside is larger than the reflected light 
than the reflected light from the inside, intensity inside the room, 

— 5 _. 
the person can see his image as a result it is difficult for the person to see his 
of the light that is reflected on the glass reflected image on the glass. 


inside the room. 


(| The effect of rotating the reflecting surface and the incident light ray 


x 2 


* When a light ray (xy) is incident on 
a reflecting surface (AB), the ray gets reflected 
as shown in the opposite figure such that: 


Angle of incidence = Angle of reflection 
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When the reflecting surface rotates from plane AB with an angle Ө to be in plane AB without 


changing the path of the incident ray (the normal line rotates with the same angle), that can 
be represented as follows: 


СЕС: Dea 
| And we find that: 


(1) The angle of incidence and the angle of reflection 


Each of them increases by a value 0 Each of them decreases by a value Ө 
. (Z) The angle between the incident ray and the reflected ray 


Increases by a value 2 8 


Decreases by a value 2 Ө 
(3) The rotation of the reflected ray from its initial position 


Rotates by a value 2 @ in the same direction of mirror rotation 


When the incident ray rotates with an angle Ө to take the path of xyz without changing 
the position of the reflecting surface, that can be represented as follows: 


And we find that: | 


— 
E @ The angle of incidence and the angle of reflection 


Each of them decreases by a value Ө Each of them increases by a value Ө 
| 
(2) The angle between the incident ray and the reflected ray 
r 
Decreases by a value 2 0 


Increases by a value 2 6 
. (3) The angle between the reflected ray and the reflecting surface 

Increases by a value @ Decreases by a value Ө 
CIR 


a 


In the opposite figure, the angle of reflection 


1 Incident light ray Reflected light ray 
equals .......... i 

@ 30° (5) 45° " 

© 60° @ 90° - $ : 
Solution Reflecting surface 


+: The angle of incidence = The angle of reflection 
-. The angle of reflection = 2 ф 
* The angle between the normal line and 
the reflecting surface = 90° 
2640290? 
20230? 
~. The angle of reflection = 2 $ = 2 x 30 = 60° 
2. The correct choice is (c). 


Three mirrors; A, B and C, are perpendicular to each other. 
If a light ray falls on mirror A as shown in the figure, trace 
the path of the light ray until its reflection at mirror C. 


Solution 


Q, Clue 


When the ray falls on mirror A such that the angle 
between the ray and the surface of the mirror is 
60°, it means that the angle of incidence is 30° 
and as the angle of incidence — The angle of 
reflection, so the angle of reflection on mirror A 
is 30°, then the ray falls on mirror B. 


Q, Clue 
When the ray falls on mirror B, the angle between 
the incident ray and the surface of the mirror 
equals 30*, hence the angle of incidence equals 
60°, so the ray gets reflected from mirror B with 
an angle of reflection 60? to fall on mirror C. 
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а, Clue 
When the ray falls on mirror C the angle between 
the incident ray and the surface of the mirror 
equals 60°, therefore the angle of incidence equals 
30°, then the ray gets reflected at mirror C with 
an angle of reflection 30° 


the angle between the two mirrors A, B becomes equal to 120^ without 
changing the direction of the incident light ray, what will be the angle of 
reflection of the ray from mirror A? 


tes 


In the opposite figure, if the position of the light Mirror (2) 
source is changed such that the angle of incidence E 
(4) increases by 5°, the angle Ф, Will... à 


(® increase by 5° 
(b) increase by 10° 
(©) decrease by 5° 
(d) decrease by 10° 


Light source 


Solution 

б =0 Mirror © 
> | Light source 

2. When $i increases by 5°, $, increases by 5° 

7$, +0, = 90° 

^. When 6, increases by 5°, @, decreases by 5° 

7 0, + 6, = 90° 

2. When 8; decreases by 5°, 8, increases by 5° 

v 0, Oy = 90° 

.. When Ө, increases by 5°, ф, decreases by 5° 

$25 

^. When by decreases by 5°, $, decreases by 5° 


-. The correct choice is (c). er Miner) 
the light source is kept fixed while rotating mirror (2) by an angle of 5° such 
that the angle between the two mirrors increases, what happens to the, value 


e What 
of angle $ 2 


[85] 


If the mirror gets rotated about point x in the direction 
shown in the figure by an angle of 10°, the angle between 
the incident ray and the reflected ray becomes ......... 
(8) 140° (Б) 135° © 125° (à) 115° 
Solution 
- Before rotating the mirror: 
‘“ The angle of incidence (6,) = The angle of reflection p 
5$, 2 0, = 90 – 30 = 60° 
- When rotating the mirror with 10°, both of the angle 
of incidence and the angle of reflection increases by 
the same value with which the mirror has rotated: 
5 $520, = 0, +O station = 60° + 10° = 70° 
2. The angle between the incident ray and the reflected ray = $54 ф, = 70+ 70 = 140° 
7. The correct choice is (a), 


Whar you are asked to determine the angle of rotation of the reflected ray 
if from the initial position, what will be your answer? 


1 
ç Test yourself : = т о, 


| п % The opposite figure shows three mirrors A, B and C. 
If a light ray falls on mirror A as shown in the figure, 
trace the path of the ray till it gets reflected from mirror C. f si 


Ba Choose the correct answer: 
(1)In the opposite figure, a laser ray is incident on mirror (1) 
to get reflected from it and fall on mirror (2). Using the 
shown scale, so after the ray gets reflected on mirror (2), 


| it will pass through point ---..----- Р 
(A OB 
(5C Фр | 


4 (2) In the opposite figure, when moving light source x 
| to increase angle 6, the distance h which is shown 
in the figure --- . 
(а) will increase 
(b) will decrease 
(©) may increase or decrease 
(d) won't change 
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* If you put a pencil in a glass of water and looked at it from EEE 
the side, you will see the pencil as if it has been broken and Ё 
this happens due to the refraction of light. =— | i 


& Occurrence: 

When a beam of parallel light rays falls on the interface 

(boundary surface) between two transparent media of 

different optical densities; К atv Шара: 

© Part of the light gets reflected in the first medium. Teatro m pol reesei e 

© Another part of light passes to the second light rays when they enter into it. . 
medium deviated from its direction and this 
phenomenon is known as light refraction. 


Incident ray Reflected ray 


Ө The other part of light gets absorbed in 


the second medium. шон; 


Denser medium 
(glass) 


> From the previous, we can define light refraction and the angle of refraction as follows: 
Light refraction . 
It is a phenomenon that changes light direction when it travels slanted through 
the interface between two transparent media of different optical densities. 


The angle of refraction (8) 
It is the angle between the refracted light ray and the normal line on the interface between 
the two media at the point of incidence. 


® Why it happens? 
* The refraction of light occurs due to the difference in the speed of light in the two media 
as a result of the difference in the optical densities of the two media. 
© Light refraction obeys two laws, which are: 


Mvi 


| First law 
The ratio between the sine of the angle of incidence (sin ф) in 
the first medium to the sine of the angle of refraction (sin Ө) in 
the second medium equals the ratio of the speed of light (у) in 
the first medium to the speed of light (у) in ће second medium 
which is a constant ratio for those two media and it is called 
relative refractive index from the first medium to the second = 5m کے کد‎ 
medium (nj). 
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Í Second law 


The incident light ray, the refracted light ray and the normal line at the point of incidence 
all lie in the same plane which is perpendicular to the interface between the two media. J 


From the first law 
" 


Itis obvious that: sin ec sin Ө 


Asing _ 
Asing !? 


| Slope = 


sind 


So, when plotting the relation between sin $ and sin Ө, we get 
a straight line as in the opposite graph whose slope represents 1 
the relative refractive index between the two media. 


sin Ө 


> From the previous, we can deduce that when a light ray falls on the interface between 


two transparent media such that it travels from: 


An An An An 
optically optically optically optically 
rarer To denser denser rarer 
medium medium medium medium 
Such as 
From air to glass From glass to air 

So, the light ray is refracted (bent) 


toward the normal on the interface, hence: 
The angle of incidence (ф) > The angle 
of refraction (8) 


away from the normal on the interface, hence: 
The angle of incidence (ф) < The angle 
of refraction (8) 


The factors affecting | the relative refractive index between two media: 


1. The types of the two media (their optical densities). 


2. The wavelength of the incident light ray. 
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@ Test yourself. a | - = ® 


3% Choose the correct answer: 

The four following figures represent four rays of a light that has a wavelength A travelling 
from medium A to other four different media X, Y, Z and К each one at a time. In which | 
of these media (X, Y, Z or K) the light ray will have the longest wavelength? 


m " w a m Р PA 

x X 5 Y К 7 K 

А5 m аз? 42 

| © © © © 


| The absolute refractive index of a mediu 


© If a light ray passes from space or air into another 
transparent medium (given that the speed of light 
in air is nearly equal to its speed in space): 


The ratio of the speed of light in space or air (c) to | c 
dC —' its speed in the medium (v) | 8 
PN | 
The absolute \ — — 
refractive index { ۴ اک‎ 
of the medium (n) The ratio of the wavelength of light in air (А) to Ц ae tr | 
"Constant value its wavelength in the medium (A...) A adiu | 
for the medium” » سے‎ = ч - 
ji The ratio of the sine of the angle of incidence in | sin $ 
=) the space or the air (sin ф) to the sine of the angle | =— A 
sın 


` of refraction in the medium (sin Ө) 


> From the previous, we can deduce that: 

© The absolute refractive index of any medium is always greater than one because the speed 
of light in space or air is a universal constant that equals to 3 x 10° m/s and it is greater 
than its speed in any other medium. 


€ The refractive index has no measuring units because it “me 

is a ratio between two similar physical quantities having 08 

the'same measuring unit. 05 i 
® The speed of light in a medium is inversely proportional to bu жы 

the absolute refractive index of this medium (v oc = + sind 
© When plotting the relation between (sin ф) for a light ray in air рата соох 

and (sin Ө) in any other medium, we get a straight line as in - 

the opposite graph whose slope is always greater than one and Slope = n = $ =n 


represents the absolute refractive index (n) for this medium. =. 


(эү: уз [t لات زالكتاب الأساسى)/‎ Ls раба ә 
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The factors affecting | the absolute refractive index of a medium : 


1. The type of medium material: 


As the optical density of the medium increases its refractive index increases, 


2. The wavelength of the incident light ray: n 
The refractive index of a medium decreases as the 
wavelength of the incident light increases and the 
opposite graph represents the relation between the 


absolute refractive index (n) of one type of glass and 


the wavelength (A) of the light passing through it. À (um) 
; the relative refractive index for two media and 
al; ee! n аа 
РТС) their absolute refractive indices: 
мы», syst xp us 
оме у. "à 
У; n 
E р к 
103-v, >| eim 
The relative refractive index | The absolute refractive index of n 
ie. from the first тебіштіо 112 © the second medium + that of the 2 
first medium ny 


the second medium 


And, accordingly the relative refractive index from the second medium to the first 


medium can be obtained from the relation: =т= т; 


> From the previous, we can compare between the relative refractive index between two 
media and the absolute refractive index of a medium as follows: 


Relative refractive index Absolute refractive index 
between two media of a medium 


1 Illustrative diagram 
Medium (D$. i j Air ND. 
Medium (2) Хө і f Medium 
i 
i i 


| The ratio of the sine of the angle of incidence 
in the first medium to the sine of the angle of 
refraction in the second medium. 


E 
The ratio of the speed of light in the first 


medium to the speed of light in the second 
medium. 


Mathemati 


Might be less or greater than one 


ical relation 
po hh, 


Magnitude 


The factors on which it depends 
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Concept 


The ratio of the sine of the angle of incidence 
in space or air to the sine of the angle of 
refraction in the medium. 


(er) 


The ratio of the speed of light in space or air 
to the speed of light in the medium. 


Always greater than one 


* The wavelength of the incident light. 
* The types of the two media. 


* The wavelength of the incident light. 
* The type of medium. 


| Snell's taw | 


© From the first law of refraction: 
_ sing 
sin Ө 


in Ө 


First medium Second medium 


Measuring unit 


None of them has a measuring unit since each of them is a ratio between 
two similar physical quantities that have the same measuring unit 


| 
Medium (Т) $ 
Medium (2) 


UNIT 


1 


-Notes Н 


(1) The light ray that falls perpendicularly on the boundary 
between two transparent media, doesn’t suffer any 
refraction because since the angle of incidence 
equals zero (6 = 0°) and according to Snell's 
law (n, sin = n, sin 0), n, sin Ө = 0, hence the angle 
of refraction equals zero (Ө = 0°): 


Qo 


Note that: 


(2) The relative refractive index from the first medium to the second medium (п) сап Бе 


calculated as follows: 
By knowing 1 


Е BR The absolute | (ae үг: | 
refractive oe The angles M wavelengths The speeds 
| J 


index J 
لے لے‎ — Lo UL 
zd sing ei мы 
Po n mmu | 2sine | | ret | | үрчү; | 
| 


(3) When the light ray passes successively through three media 
(x), (y) and (2) of refractive indices n,, ny апа п, respectively, — (X) $ 
the angle $5 


Ф) far) 
- depends on n,, n, and фу [0] 
- doesn't depend on ny © %; 
Since: 


“ny sin $i =n, sin Фф 


eo 


EE" sin >, =n, sin >, 
From equations (1) and (2): 
7. n, sin >, =n, sin >, 


n. 
. sin کہ = و‎ sin Ф 
n, 


This also holds true for more than three media when a light ray passes successively 
through them. 
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(4) When a light ray travels from medium (1) to medium ©): 


n 
nisinó-n,sinO , sin Ө = Ê sin ф 


| And if 


Then 


And when increasing the angles of incidence (ф) with a given value, 
the angles of refraction (0) increase with 


| A greater value | ( A smaller value ) 
n 
Where: -L<1 
m 
| 
one 
» > O 


If the absolute refractive index of water is $ and the absolute refractive index of glass 
is 2, calculate: 


(a) The relative refractive index from water to glass. 
(b) The relative refractive index from glass to water. 


Solution 


What | you are asked to calculate the ratio between the speed of light in water to its 
ls if | speed in glass, what will be your answer? 


[55] 


A light ray of wavelength 589 nm is incident in air on the surface of a glass plate of 
refractive index 1.52 at an angle of incidence 30°, calculate: 

(a) The angle of refraction of the ray. 

(b) The speed of light inside the glass. 

(c) The wavelength of light inside the glass. 

(The speed of light in air = 3 x 10° mls) 


Solution 


the angle of incidence of the light ray on the surface of glass is changed, which 
of the previously calculated values in (а), (b) or (с) will change? 


The opposite figure shows a light ray falling perpendicular 
on the interface from medium (@) to another medium (6), if 
the number of light waves in medium @) equals 10° waves 
and the number of light waves in medium (6) equals 

1.5 x 10° waves, find the relative refractive index „п, 


- | Solution 


у. X 5 
a_“a_dx15x10 
n -2224X13X10.,5 
* B YS A. 105 xd 
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4 
The opposite figure represents a light ray (R) passing Air Glass Air A 
from air through a glass sheet then into air again, so p 
€ 
the correct path in which the ray travels is D 
path ........... Р А 
(а) А (bB 
(c @D 
Solution а, Clue 
* To determine the correct path of the light ray, 
7 "glass > Pair the normal lines to the boundary surfaces 
sin Qi. must be drawn at each point of incidence 
У Pglass = sin 0 Jor determining either if the ray passes in 
pas a straight line, bends towards the normal 
c Oair? Ө лақ or away from it. 


i.e. the light ray makes an angle with the normal in air greater than the angle that it makes 

in glass. 

у At the boundary surface between air and glass, the light ray refracts towards the normal and 
at the boundary surface between glass and air, the light ray refracts away from the normal. 

.. The correct path for the light ray is C 

2. The correct choice is ©. 


( What you assumed that the sheet is made of diamond, bearing in mind that 
ъа the refractive index of diamond is greater than the refractive index of glass, 
if —' will the angle at which the light ray emerges into air change? 
8 
т Test yourself 


) п Ж A light ray falls on the surface of a glass of refractive index 1.5 at an angle of | 
incidence 60°, if a small part of the light gets reflected and another part gets refracted, 
calculate the angle between the reflected and the refracted light rays. 


| aü 3% The opposite figure shows a light ray falling on a glass 
slab of thickness l „if the refractive index of the slab is 43, 
calculate its thickness (b. 


| E Choose the correct answer: 
(1) The opposite figure shows a light ray falling on a glass 
| cuboid to get refracted inside it, hence the speed of light 
in the glass is approximately equal to ............ T 
(Given that: c = 3 x 10° m/s) 
(а) 1.8 x 108 m/s (b) 2 x 108 m/s 
| (©)23 x 10° m/s (d) 2.5 x 105 m/s 


| (2) In the opposite figure, a light ray travels from medium @ 

| to medium (2). If the angle ф has increased by a value 4 
of 5°, angle Ө ............... 

(a) increases by a value of 5° 

(b) increases by a value greater than 5? 
(c) increases by a value smaller than 5° 


(d) doesn't change 


(3) In the opposite figure, a light ray passes from air into 
a glass cuboid. If the angle of incidence of the ray (ф) 


| gets increased, the angle ot between the reflected and 
the refracted light rays .............. - 


(3) will increase 
(b) will decrease 
(с) may increase or decrease 


(d) won't change 


To watch | 
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Multiple choice questions ۲ 
Interactive tost 


Light reflection 


The questions signed by 3 are answered in detail. 


| Wavelength 


Visible light M 


o If the opposite table shows some selected wavelengths 


from the electromagnetic spectrum in air, so ............. 


G)M«Z«Y (E) Y«Z«M came A 
@Y<Z=M @Y=Z>M rays 2 


o The opposite figure shows a light ray falling on the surface of 
^ aplane mirror and bouncing back, hence the angle of reflection 5 wy 
of the ray from the surface of the mirror equals .............. 
(a) 40° (b) 50° (с) 80° (d) 100° 


e In the opposite figure, a light ray is incident with a speed v 
* on the surface of a mirror and gets reflected from it, so Incident ray 
the speed of the ray after its reflection becomes .............. 


Reflected ray 
5° 


П 
! 
i 
1 


Ф" (bv 


(2 v (2v 


o The opposite figure shows a light wave being incident on Капела 
surface 
M a reflecting surface, what will be the value of the angle of 
. 1 REN и Light wave 
reflection for this wave after striking the reflecting surface? | 


(a) 0° (b) 45° 
(©) 90° @ 180° 


[5] Ж If a light ray is incident perpendicular to a plane mirror, the angle of deviation of 
* the ray from its path equals .............. 


@) 0° (Б) 90° © 180° @) 360° 
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[^] The opposite figure represents three plane mirrors forming 
© three sides of a square. Which of the following choices 
shows the path of the incident light ray as it gets reflected 


45° 


by the three mirrors? 


® 


© Æ In the opposite figure, which of the following statements is correct? 
° The ray is reflected from mirror C at an angle of 30° 
(b) The ray is reflected from mirror C at an angle of 45° 
(c) The ray is reflected from mirror C at an angle of 60° 


(d) The ray is reflected parallel to mirror C 


© Ж In the opposite figure, the angle of reflection of 
? the light ray from mirror B equals .. Я ES 
(a) 20° (b) 40° 
(c) 60° (d) 70° 


Light ray 
110° 20° 


Ж A light ray is incident оп a plane mirror with an angle of 60° 
If the mirror has rotated by an angle of 18° in the clockwise 
direction while keeping the incident ray in the same direction as 
in the figure, then the angle of reflection becomes .............. 

(а) 18° (Б)42° 

(с) 48° (d) 78° 


Æ If a light ray is incident on mirror A while being parallel 
to mirror B as shown in the opposite figure: 

(i) The light ray gets reflected from mirror A and falls on 
mirror B by an angle of incidence that equals --------.-- 

(a) 90° (ip) 60° © 30° 
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(ii) The reflected light ray from mirror B falls again on mirror A with an angle of incidence 
that equals чесе ч 


(a) 90° (b) 45° (c) 30° (d) 0° 


Ж The opposite figure shows with a definite drawing scale 


the incidence of a laser ray from source x on mirror (1), 


hence after the ray gets reflected from mirror (2), it passes 

through point ............. г 

@A ®B 

(oc @D 
Light refraction 

Ф When a light ray is incident from air with an acute angle оп а glass surface, its direction 
^ gets change due to the change of ............. between the two media. 
(a) the amplitude of light wave B) the color of light 
Lc) the frequency of light d) the speed of light 


® When a light wave passes from an optically rarer medium to another optically denser 
* medium with an angle of incidence = zero, which of the following light properties does 
not change? 
(a) The wave speed (b) The wavelength 
(c) The direction of propagation (d) The wave amplitude (intensity) 


© A light ray falls on the interface between two media at an angle of incidence ф and gets 


^ refracted at an angle of refraction Ө, so the ratio кыл, is е 


sin Ө 
(4) constant for the two media (b) variable according to the value of à 
(c) constant and always greater than опе d` constant and always less than one 


© The opposite figure shows a light ray that is incident on 


3 à glass slab, so the angles of incidence and refraction 
Калалы 4 
| The angle of incidence | The angle of refraction 
J angle 1 ~~ angle3 
angle 1 angle 4 
t angle 2 angle 3 
Ca) angle 2 angle 4 
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© When the angle of incidence on the boundary surface between two media gets doubled, 
^ the relative refractive index between them .............. 
@ decreases to its half (b) gets doubled 
(c) remains constant (d) gets tripled 


[17] Which of the following graphs represents the relation between the relative refractive 
^ index between two media and the angle of refraction in one of them? 


122 102 1n? 1 
— ^. Қ. MO 
® (b) © @ 


© Which of the following graphs represents the variation of the speed of light (v) through 
^ different materials versus the absolute refractive index (n) for each of these materials? 


У 


© (b) © @ 


(b) 
Ф When a light ray gets incident from air on water surface at an angle of incidence 60°, 


? the angle of refraction will be ---------- 


(a) greater than 60° (Б) less than 60° (©) equal to 60° (d) equal to 0° 
® 3K From the opposite figure, the values of the angle of reflection 
° and the angle of refraction are ............. АССР 
The angle of reflection | The angle of refraction | 
Á (a) 38° 68.38° 
® 52.88° 38° 
© 28.38° 38° 
(d) 38° 52.88° 
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& А monochromatic light ray falls from air into a cuboid of glass that is placed above 
T a plane mirror, so the correct path of the ray is represented in figure ............. . 


Plane mirror Plane mirror Plane mirror Plane mirror 
@ ® © @ 
If a light ray is incident on a surface of a cuboid that has an absolute refractive index of 45. 
at an angle of incidence 60°, the angle of refraction of the light ray equals ............. ў 


(а) 30° (6) 45° (c) 60° (4) 90° 


A light ray is incident on the boundary surface between two media. If the angle of 
| ` incidence is 60° in medium (1) and the angle of refraction is 30° in medium (2), 
the relative refractive index from medium (1) to medium (2) equals 


(2 з ©ү2 


| & The opposite figure shows a light ray falling from medium (1) 
id on the boundary surface with medium (2), so the relative 


refractive index from medium (1) to medium (2) equals ............. $ 
(а) 1.52 (b) 148 
(€) 1.34 (d) 1.22 


Ж A light ray is incident from air on the surface of a glass slab at an angle of 52°. 
If the ray is deviated by an angle of 19°, the refractive index of glass is ..,........... . 
(а) 0.83 (b) 133 ©) 1.45 (d) 1.65 


© If the absolute refractive index of gasoline n, = 1.5 and the absolute refractive index 
° of flint glass n, = 1.66, so the relative refractive index from gasoline to flint glass (,n,) 
equals ............. t 


210.91 Б) 1.1 ©) 1.25 M15 


@ ЖА light ray is incident from air inclined to a glass surface at an angle of 50° with 
the surface. If the speed of light in air is 3 x 10° m/s and in glass is 1.92 x 10° m/s, 
then the angle of refraction of the light ray in the glass equals ............... 

a) 24,29° (Б) 29.34° с) 40° d) 50° 
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Æ The opposite graph represents the relation between 


sing 


the sine of the angle of incidence in a transparent 
medium (1) and the sine of the angle of refraction in 
another medium (2) when a light ray travels between 
them. If the speed of light in medium (1) is 2 x 10° m/s, 
then: 


(i) The relative refractive index from medium (1) to 


medium (2) equals ............. > 

(81.5 (550.75 @2 

(ii) The speed of light in medium (2) equals à 

(3)2.33 x 108 m/s (b)2 x 108 m/s (©15x108 m/s — (0)133 x 108 m/s 


When a ray of light that has wavelength A and frequency v moves from air into another 
transparent medium of refractive index n, the frequency and the wavelength of that light 
in the transparent medium will be ............. Р 


T | жт 
, The frequency of the light | The wavelength of the light 
| in the medium in the medium 
га i: = ت“‎ 

(a) v 1 
À 
Э n 

v 
nr: a № 
@ | vn X 


A red light ray is incident from air on the surface of glass. If the wavelength of red light 
in air is 7000 À and the refractive index of glass is 1.5, the wavelength of red light in 
glass is approximately ............. < 


@ 10500 A (68564 А (@) 5543 A @ 4667 А 

Ж А ray of light whose wavelength is 700 nm in air and 526 nm in water travels in water 
with a speed Of ............. . (Take: c = 3 x 108 m/s) 
(@)2.25 x 108 m/s ()2 x 105 m/s (©)1.89 x 105 m/s — (851.76 x 108 m/s 


(32) If the ratio between the refractive indices of two media Gi is 2 , the ratio between 
? the speeds of light in the two media qi 805 


102 


i 1 
ei ®} ©+ @4 
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© When a light ray is incident at an acute angle from a medium of refractive index 1.2 onto 
^ the surface of another medium of refractive index 1.5, then 


The speed of light The ray gets refracted 
(a) increases i T toward tbe normal line 
(b) decreases toward the normal line 
© decreases away from the normal line 
@ increases А away from | the ботда fin 


© A light ray is incident from air onto the surface of a transparent material at an angle 


1 of 45°, so the angle of refraction inside the material may equal ............. . 


(@) 37° (b) 90° © 60° @ 75° 


In the opposite figure, a light ray is incident on a glass 
slab of refractive index 1.5 such that the reflected and the 
refracted rays are perpendicular to each other, so the angle 
of refraction (Ө) equals ............. . 


(Where: sin (90 — Ө) = cos Ө) 


(а) 42.14° (b) 37.25* 
(c) 33.69° (d) 27.64* 


& In the opposite figure, when increasing the angle of incidence (ф) 
. 
for the light ray, the angle that decreases is ............. м 


(а) angle a (b) angle В 
(c) angle Ө (d) all of them 


& In the opposite figure, which of the following values of 
*. 


refractive index (n) makes angle o have the greatest value? 


@ 12 ®13 
©14 @15 
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3K The opposite figure shows a light ray travelling from air into 
oil then into water. If the absolute refractive index of oil is 1.48 


and of water is 1.33, then the angles ф,ө Еа IO E ИВИ 


ф | 0 
l 41.6° | 33.81° 
® 41.6° 41.6° 
© 4773° 33.81° 
(© 47.73° 41.6° 


The opposite figure shows a glass plate which is put 
perpendicular to the surface of a horizontal plane mirror. If a 
light ray falls at an angle of incidence 50° on the surface of the 
mirror, its angle of refraction in the glass plate will be ............. . 


(8)51.6* (6) 47.2° ©) 358° 


Ж In the opposite figure, a light ray passes from air into 
water, then gets reflected by a plane mirror under the surface 


of water, hence: (Take: П мег = | 33) 

(i) The angle of incidence (6) equals ............. . 

(a)22.41° (b) 30.58° 

(с)41.68° (d) 60.12° 

(ii) The angle of refraction when the ray emerges from water equals .. 

(2) 60° (©) 41.68° c 30.58° d)22.41° 


D Ж A light ray is incident from air on one of the faces of a glass cuboid to come out from 
° the opposite face to air with an angle of refraction 50°. If the refractive index of glass 
is 1.53, $0 sr giis; 1 


( The angle of incidence in air | The angle of refraction inside the cuboid 
STE 
zum 40° | "m 
© 50° | 30° 
@| 50 | ac 
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In the opposite figure, а light ray is incident with an angle ф on 
the boundary surface between two media Q, Q, hence if the 


ratio between the wavelengths of the incident light in the two 


X 
media is 3$ =F: the figure that represents the correct path of 
2 
the ray іѕ............. D 


If a light ray travelled from a medium of refractive index n, to another medium of 


refractive index n,, where n, > пу, the proper graph of sin ф versus sin Ө, when they 


are drawn with the same scale, will be з 
sind sing “tnd sing 


| us. Ln 23 sin 0 


© In the opposite figure, a light ray is incident in air on 
[1 
the surface at the center of a glass semi sphere, so if the 
refractive index of glass is 1.5, the angle of emergence of 


the light ray from the glass equals ------------- А 


(809 
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Figure (1) represents the incidence of 

a light ray in air onto the boundary surface 
of medium (T), if medium (T) is changed 
with another medium (2) as shown in 
figure (2), then ............. 


Figure (1) Figure (2) 
The relation between the refractive | The relation between the speeds of 
indices of the two media light in the two media 
© Е n»n, V> Va 
® n»n, у <% 
© n «n MESZ! 
(d n «n, MESZ 


A ray of red light is incident perpendicular to the spherical surface of a semi sphere, so 


which of the following figures represents the correct path of the light ray? 


® 


Æ The opposite figure represents a light ray travelling 
from air through a layer of liquid of thickness 4 m, SO 
if the speed of light in air equals 3 x 10° m/s, then : 

(i) The refractive index of liquid equals <... 


@ 1.53 
(5) 149 
© 142 
(d) 1.37 


(ii) The time taken by the light ray to travel from A to B equals -------------. 


(8) 228 x 107 s 
® 114 x 105 

© 2.28 x 10% s 
(à) 114 x 10795 
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Ж The opposite figure represents with a definite ai | 


drawing scale the path of a light ray through three ny 


transparent media of refractive indices n TED and пу L 


so the correct order of refractive index values is ............. 


Gn >n >n (b)n; >n; >n, 


©) n, >n >n (d) n, > n, >п 


е The opposite figure shows a light ray travelling through 
three different media, so the relation among: ni 30° © 
(i) The absolute refractive indices of these media is п, © 
demonstrated by -+++ 
fa bd 20* 7 G 


Wn, > n, >n, (b)n »n,»n, 


(On > n, >n (O n, > n, > n, 


(ii) The speeds of light in the three media is <... 
(8v < v V, (b) v «v « v, 


(c (dy 
(c) v» V4» V9 (Dv, «vi «v, 


Æ A light ray has fallen to pass through three transparent a 
media a, b and c as in the opposite figure. If the speed of light | 
in medium a is 1.4 of its speed in medium b, then the angle of ! b 
incidence on the boundary surface between the two media b 

and c equals ............. . 


(а) 30.34? (6) 34.30° (©) 597° (d) 81.87° 


& A light beam passes perpendicular into a glass sheet of thickness d and refractive index n, 
H 80 if the speed of light in empty space is c, the time interval taken by the light to traverse 
the thickness of the sheet equals ............. E 


fay nd d m de > С 
а On Or Gr 


If the absolute refractive index of water is 1.33, then the time taken by light to cover 
a distance of 20 m in water equals --- 


(Knowing that: The speed of light in air = 3 x 105 m/s) 
@ 8.87 x 105 s (B)1.13x107s ©225x10%s (8)4.52x 10? s 


[Ta T ae 
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& In the opposite figure, a light ray passes from water to 
air to emerge with an angle 0, so if another transparent 


immiscible liquid whose density is lower than water is 


poured slowly above water so that it floats on the surface of 


water, the angle of emergence of the light ray to air will 


DE ooo ; 
(а) greater than o (b) less than o 
(c) equal to 90° D equal to o 


© Æ The opposite figure shows a light ray falling 
on successive parallel layers of transparent media 
of different refractive indices, so: 


sin ф 

(i) The ratio — s depends on refractive indices . 
sin Әд 

(4) n,, n, only (b) 15, n4, n, only 

(C) 1, 5, 14, D, Ng d) n,, n, only 


(ii) The medium in which the speed of light is the greatest is ............. y 


(1 ®2 93 @4 
Essay questions 
o The opposite figure shows the reflection of a light ray. If the angle wl | 
^ of incidence is increased, does the reflected ray change its path? y | 
And if it does, in which direction it will be changed? Explain 2 | 
your answer. i 


ө The opposite figure shows a light ray which is falling 
р perpendicularly from air onto the surface of water. Find the value 
of the angle of refraction with explaining your answer. авс 


ө A light ray travelled from a medium of refractive index n, to another medium of 
^ refractive index n,. Show by drawings the path of the light ray through the two 
media if: 
(a)n <P, (b) n, >n; 
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o Explain the following statements: 
U 


(1) It is easier to see your reflected image on the glass of a window from the inside of 
a lighted room at night when the outside is dark than seeing your image at daytime 
when there is light outside. 

(2) The absolute refractive index for any medium is always greater than one however 
the relative refractive index may be less or greater than one. 


| 
ө When а wave of light moves from medium (1) to another medium (2) for which 
^. the ratio between the absolute refractive indices is E > 1, what happens to each of 
1 


the frequency, the wavelength and the speed of the wave? 


о The opposite figure shows the transmission of а light 
* wave between two media (1) and (2), what will happen 
to each of angle a and angle b if the angle of incidence 
increases? 


9 The opposite figure shows a red light ray falling 
* ona semi-circular prism. Will the angle of refraction 
change if a blue light ray is used instead of the red 


light? Explain your answer. 


© The opposite figure shows the path of 
^a light ray falling from air on a glass block. 
Prove that: ф = 0, 


а) 2) (3) 
Which of these figures represents the falling of a light ray from a liquid having 
the following refractive indices? 


(a) 1.5 (b) 13 (c) 1.6 


= 
о 
о 
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Questions that measure hi: 


Choose the correct answer : 


ө In the opposite figure, a light ray is incident on mirror М 1 
parallel to mirror M,, hence the ray gets reflected from 
mirror M, to fall on mirror M, and get reflected from it 
parallel to mirror Mi ‚ So angle Ө equals .. 


(a) 30° (b) 45° 
(c) 60° (@)90° 
e9 The opposite figure shows with a definite drawing scale the T 


mirror, so the light ray that is reflected on the mirror at point X 
and passes through point K is coming from ... 
(4) source A (b) source В 
(c) source C (d) source D 


positions of four light sources (A, B, C and D) in front of a plane кү dei aK 


© The opposite figure represents two perpendicular 
plane mirrors (1), (2). A light ray is incident on 


mirror @ at an angle of 40°, so: Mirror 
(i) The angle of reflection of the ray from mirror @) © 
r 

(a) 40° (b) 50° 

(с) 60° @ 90° 


(ii) The distance covered by the reflected ray from the position of its reflection from 
mirror (1) till striking mirror (2) equals ............. ‘ 
(2)0.8 m 020.98 m (c)194m (d)2.5 m 


© Each of the following figures represents the path of a light ray when it travels between 


two media, 
Mrs? 
n, u 


n 


i 
i 
П 
! 


Figure (1) Figure (2) Figure (3) 
so using the angles represented in these figures, the angle of refraction of the light ray in 
figure (3) equals ............. . 
(041.7 (b)30.5* (c) 23.1 (d) 18.6° 
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e А swimming pool of depth 3 m is filled completely Lamp 

with water of refractive index 4. To light up the bottom hoe 

of the swimming pool, a lamppost of height 2 m is | гта t 

installed at a distance 4 m from the edge of 3m 

the swimming pool, so the length of the dark part at | 

the bottom of the swimming pool is ............. + 

(22m (5) 1.07 m (€)271 m (3.32 m 


о The opposite figure shows а man looking constantly at а metal ve 
coin that is placed at the bottom of a container filled with 
water up to level x, hence the coin seems to him at specific 
position (a). When water is let to spill out gradually from the 
container till the surface of water becomes at level y, the man 


will see the image of the coin ............. 4 
(a) rising up gradually bi descending gradually 


с stable at the bottom of the container d) remained stable at its level (a) 


Answer the following questions : 


Screen 


© In the opposite figure, two light rays intersect at a point on 
a vertical screen. If a glass plate is put in front of the screen 
in the path of the two rays, will the two rays intersect on the 
screen? Explain your answer. 


e The opposite figure represents the path of a light ray while 


being incident on a glass cuboid of refractive index үз that 
is placed above a plane mirror until it emerges from the 
cuboid to the air, what is the thickness of the cuboid 

(ab or ed)? 


o In the opposite figure, two metal coins were put in 
two cups such that one coin was put in an opaque 
cup containing water and the other in a similar empty 
cup, so if you looked at the two coins with a certain 
inclination angle and saw a part of the coin which is 
in the cup containing water and didn't see the coin in 
the empty cup, how can you explain that? 
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» Interference of waves 


The phenomenon of wave interference occurs when two waves that are propagating in 

the same medium and have been produced from two coherent sources (sources that have 

the same frequency, amplitude, wavelength and phase) overlap (principle of superposition) 

leading to; 

@ A reinforcement in the intensity of the two waves at some positions “constructive 
interference” as a result of the overlap (superposition) of a crest from one wave with 


a crest from the other wave or a trough from one wave with a trough from the other wave. 
This can be represented graphically as follows: 


Displacement 
Displacement Displacement 2A 
A A 5 
Distance [+] = Distance [=] Distance 
E d -A -А 
-2A 
Wave (1) Wave (2) Resultant wave 
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@ A weakness in the intensity of the two waves at some other positions “destructive 
interference" as a result of the overlap (superposition) of a crest from one wave with 
a trough from the other wave. 
This can be represented graphically as follows: 


Displacement 
Displacement. Displacement. 2А 
А A A 
Distance o Distance [-] 0 Distance 
-A ig Р, -А 
-2A 
Wave (1) Wave (2) Resultant wave 


Light interference 


* To study the interference of light, we carry out the following experiment: 


Thomas Young's double 
Objectives: 


1. Proving the wave nature of light. 
2. Investigating the phenomenon of light interference. 


3. Determining the wavelength of a monochromatic (single wavelength) light. 


pparatus: 


* Amonochromatic light source so that the A screen 


^ A double-slit barrier 
overlapping waves have the same wavelength. 
* A barrier with a rectangular 
narrow slit “S” positioned at equal 


distances from both slits S,, S, and m 


at an appropriate distance from the 
f A monochromatic 
light source. light source 
* A barrier with two rectangular narrow slits (S, and S.) to act as a double-slit 
separated by a distance d. 


* А screen to receive the interference pattern. 
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Steps, observations and conclusions: 


Double-slit Observation 
barrier screen 


Cylindrical 
waves 


Ay 


HR Р 
na T 


Monochromatic | ' 


Central 
light source bright fringe 
Ay 


Schematic diagram of Young's double-slit experiment 


. When turning on the light source, the light waves pass from slit 5 in the form of 
cylindrical waves, where: 

- The continuous) curves represent wave crests. 

- The dashed i curves represent wave troughs. 
2. The two slits (5,, S.) are adjusted, so when the light waves reach them, they will be at 
the same cylindrical wavefront, so they act as two coherent sources, ѓ.#. They produce 
two coherent waves having the same frequency, amplitude and phase. 


3, The two waves from 5, and 5, propagate Interference pattern : : 
beyond the double slit barrier and when It is a pattern of bright fringes (maxima) 
they reach the last screen, they interfere with punctuated with dark fringes (minima) 
each other and give a pattern of interference resulted from the superposition of the | 
(as shown in the previous figure) and this light waves that are produced from 
phenomenon is known as the interference two coherent sources. 
of light and it can be defined as follows: 

Interference of light + 
It is the phenomenon of superposition of the light waves that are produced from two 
coherent sources causing reinforcement in light intensity in some positions (bright 
fringes) and weakness in light intensity in other positions (dark fringes). 


4. Measure the distance between the centers of two successive fringes (Ay) of the same 
kind (bright or dark), hence with knowing each of Ay. R and d, the wavelength of the 


used light can be determined from the relation: Ay = AR 


d 
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Where: (A) is the wavelength of the used light, (В) is the distance between the double-slit 
barrier and the observation screen and (d) is the distance between the two slits. 


As studying Young’s double-slit experiment, we find that: 


(1) Conditions for the occurrence of light interference: 


* The used light source must be monochromatic. 


* Slit S must be at equal distances from the two slits S,, S, for making the double-slit 
work as two coherent light sources. 


(2) The interference of waves is of two types: 


It produces 


Constructive interference 


> Reinforcement in the 
intensity of the light in 
some regions (bright 
fringes) as a result of the 
overlapping of a crest of 


Destructive interference 


> Weakness in the intensity 
of the light in some 
regions (dark fringes) as 
a result of the overlapping 
of a crest of one wave with 


one wave with a crest of | a trough of another wave, 
another wave or a trough 
of one wave with a trough 
of another wave. 


» The path difference of the two » The path difference of the two 
interfered waves = mA interfered waves = (т + D X 


Its condition 


Where: m is the order of the fringe which is an integer number ( 0, 1,2, ...), A is 
the wavelength of the used light. 


Slit (1) 


Slit (1) 


Representation 


Slit (2) Slit (2) 


1 


UNIT 


The factors affecting | the distance between the centers of two 
successive fringes of the same kind: 


1 The distance between 


The wavelength of та 4 
the used light the observation screen 


к and the double-slit ax 

directly Не barrier “directly 

proportional”. proportional” 4 
A(Ay) _R A(Ay) X R 

slope = 43) -E \ Slope = RR ET 


ا ت :3 


The distance between the two slits 
“inversely proportional”. 
A(AY) _ 


Slope = A1) 


Notes: = 


__ Path difference = 2 
Order (т) = 2 


Path difference = À 
Order (m) = 1 


a, Path difference = 0 
Monochromatic Central fringe 
light source “zeroth-order” (m = 0) 


» Point A represents the center of the central fringe (always bright), at which: 


The path length of the first lal The path length of the second 
wave resulted from slit 5, ™ wave resulted from slit S, 
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Е 
„ Point B represents the center of the first bright fringe, at which: 


The path length of the first ЫС The path length of the second wave 
ones resulted from slit S, JF resulted from slit S, by a value of À | 


+ Point C represents the center of the second bright fringe, at which: 


The path length of the first Jal The path length of the second wave 
wave resulted from slit S, J|. resulted from slit S, by a value of 2 X 


And consequently, the path difference between two overlapping waves can be 
determined at the centers of the rest of interference fringes. 


(2) In Young's double-slit experiment, it is preferable to use a light of relatively long 
wavelength to make the distance between the interference fringes relatively large, 
hence the interference pattern becomes easier to be observed as shown in the following 
figure where À, <А, 


(3) When increasing the distance between the double-slit barrier and the observation 


screen (R), the distance between the interference fringes increases according to 


the relation (Ay = AR) as represented in the following figure: 


|Ay [j^ 


In the double-slit experiment; if the distance between the two narrow rectangular slits 
was 0.15 mm, the distance between the double-slit barrier and the observation screen 
was 75 ст and the distance between the centers of two successive bright fringes was 0.3 cm, 
calculate the wavelength of the used monochromatic light source. 


Solution 


= 6 x10 m= 0.6 pm=6000A 


75x 10? 


ta 
| What the observation screen is displaced away from the double-slit barrier, what will 
if happen to the distance between any two successive dark fringes? 


The opposite figure represents the interference 


pattern of Young’s experiment which was 4c-xd. De OR Ж М ЭШЕ: А. 

conducted with a light of wavelength 5000 A i | | IIH 
and an observation screen at distance 120 cm - — 

from the double-slit. If the distance between 


the central fringe (0) and the fourth bright fringe (4) 
was 0.8 cm, calculate the distance between the two slits. 


Solution 
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The opposite figure represents a setup of -—x, A 
the double-slit experiment, which of the 

distances that are drawn in the figure has 

to be reduced to make the interference 

pattern become more obvious? 


(x, b) x, 
ORS dXX, | 
م‎ xi چ‎ 
Solution 
By decreasing the distance between the two rectangular narrow slits (d = x,), the distances 
between the centers of every two identical successive fringes (Ay) increases, according 


to the relation; (лу = AR), hence the fringes become easier to be seen. 


~. The correct choice is (b). 


ç Test yourself om 


) [1] A monochromatic light of wavelength 66 x 107% m fell on two slits of separation 
distance 11 x 10~* m, so interference fringes were formed on an observation screen 
which was at a distance 1 m from the double-slit barrier. 

Calculate the distance between the centers of two successive fringes of the same type. 


a Choose the correct answer: 
| 
The opposite figure represents the interference pattern obtained T 
in a double-slit experiment when using a light of wavelength i, 


4 
so if a light of wavelength 5 Л is used, the distance between 


the centers of the central fringe and the first bright fringe 2mm 
becomes «e 
(8,04 mm b) 0.75 mm 


(c) 1.25 mm d? 15 mm 


Light diffraction 


When a monochromatic light is incident on a small aperture of a barrier or a circular aperture 
whose size is small compared to the wavelength of the incident light, a bright spot of light 
which is called Airy's disk appears at the center surrounded by alternated progressively fainter 
bright and dark rings. This phenomenon happens as a result of light diffraction. 


Aperture Screen 
Айу disk 
س‎ 
a 
Parallel First 
monochromatic bright spot 
light 


Diffraction an a circular aperture 
2 What happens can be explained as follows: 


When monochromatic light waves fall on a sharp edge or on a circular aperture of a barrier 

whose size is small compared to the wavelength of the incident light: 

* They change their direction of propagation (diffract). 

* Each point on the wavefront of the wave passing through the aperture acts as a secondary 
light source that forms waves of the same wavelength and phase. 


* These waves interfere (superpose) with each other behind the aperture giving diffraction 
fringes. 


Diffraction fringes pattern 


It is a pattern of alternate bright and dark regions produced due to the superposition of 
the diffracted light waves as passing from an aperture of a very small size or falling on 
a sharp edge. 


> From the previous, light diffraction can be defined as follows: 


Diffraction of light 
It is the phenomenon of changing the direction of light waves propagation through 
the same medium when they pass through a very narrow aperture or fall on a sharp edge 
in which the superposition of waves leads to the formation of bright and dark fringes. 


120 
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© The condition of a clear appearance of light diffraction: 


The wavelength of the light wave has to be close in size to the dimensions of the aperture, 
so if the aperture size is: 


/ much larger than the wavelength of light comparable to the wavelength of light 


Hoe Е Н 


The diffraction doesn’t appear. The diffraction appears and becomes more 
clearer by decreasing the aperture size. 


| Notes : 


(1) The shape of the diffraction fringes depends on 
| the shape of the narrow slit on which light is 
incident, so when light falls on a rectangular 
н narrow aperture, it suffers diffraction and 


the diffraction fringes appear as a pattern having a central wide bright fringe 
| surrounded laterally with progressively fainter and narrower distributed bright fringes 
punctuated with dark fringes as shown in the figure. 


| (2) The range of wavelengths of visible light extends from 400 nm to 700 nm which 
are very short wavelengths so that light diffraction doesn't appear in our daily 

life because visible light needs very small aperture sizes for the appearance of light 

diffraction patterns. 


(3j From the study of light interference and light diffraction phenomena, it was 
found that there is no big difference between the light interference model and 
light diffraction model because each of them is a wave phenomenon which results 
from the superposition of waves. 


Enrichment information 


A diffraction grating is an optical component made of a sheet having a large number of 
evenly spaced parallel slits that reaches 10000 slits separated by distances that could reach 
107 m which produces a diffraction pattern. 


Кк 
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m 


In each of the following figures, a wave encounters a narrow slit, so in which of these 
cases the most obvious diffraction pattern appears? 


| j ii | n y 
: | Es E 7 


а) b с (d) 
Solution | 


As the size of the slit through which the wave passes decreases compared to | 
the wavelength, diffraction becomes more obvious. 
~. The correct choice is (©). 


9 Test yourself е 


/ Choose the correct answer: 


С 
Sja 
e 


] 


Which of the following figures shows the pattern of light diffraction through a circular 


aperture? 
b D (d 


> From the previous, we can compare between interference and diffraction as follows: 


Interference Diffraction 
It appears when using a double-slit. It appears when using a single narrow slit. 
Bright and dark fringes that are equally Central wider bright fringe surrounded by 
spaced are formed. less wide bright fringes are formed. 


Light intensities at the centers of the bright Light intensities at the centers of the bright 
fringes are equal. fringes get dimmer as we get away at the 
| two sides from the central fringe. 
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> The phenomena of reflection, refraction, interference and diffraction of light waves 
can be summed up as follows: 


с 


Reflection 


Scientific 
concept 


Occurrence 


The light waves fall ona reflecting surface. 


The bouncing of light waves in the same medium when 
they meet a ref flecting. surface. 


At the reflecting surface i in the s same ye median 


Condition 


< 


The change in the direction of light path when it passes 


- 


Scientific һе separating surface between two transparent media 

concept which are different in the optical density. 
Relruction At the ‘boundary surface between two transparent media 
Occurrence which are different in the optical density. 
Condition The two transparent media have different optical densities. 
n The superposition of light waves produced from two 

greed coherent sources, producing reinforcement (bright fringes) in 

concept 


Interference Occurrence 


some regions and weakness (dark fringes) in other regions. 


In the same medium when the light encounters 
a double-slit. 


- Using a mónbchromatiz light source. 


- Slit S must be at equal distances from the other two slits 


Condition 
(S P S5. hence the double-slit works as two coherent light 
sources. ‹ 
The change in the direction of the waves path in the same 
Scientific medium when passing through a narrow slit or an aperture 
concept whose dimensions are comparable to the wavelength of the 
light waves leading to the superposition of waves and the 
Diffraction formation of bright fringes and dark rk fringes. 
Occurrence At a slit ora sharp edge in the same medium. 
Condition The size "m the slit must be near in size to ‘the ‘wavelength 


of the light. 


To watch 
videos of how to 


Snap Properties of Light Ex 
Questions on Lesson Two (Interference and Diffraction) & 
GPS 


The questions signed by 3f are answered in detai. | 9 iî OApply © Analyze 


Interactive test 


Light interference 


The interference of light, is resulted due to ............. . 
a) the bouncing of waves b) the deviation of waves 
c) the superposition of waves 4 the change of the speed of light 


[27 The double-slit in Young's double-slit experiment works as two coherent light 
sources, for which coherence means that the two waves formed from the double-slit 
have the same ............. E 


a) phase b amplitude © speed d; direction 


9 In Young's double-slit experiment, the widths of interference fringes don't depend 
^ on 


1) the distance between the two coherent sources 

Б the distance between the double-slit barrier and the observation screen 
c) the wavelength of the light emitted from the source 

d) the distance between the double-slit barrier and the light source 


j In Young's double-slit experiment, the interference fringes widths increase when 


4) the distance between the double-slit barrier and the observation screen decreases 
b) the distance between the double-slit barrier and the observation screen increases 
©) the distance between the two slits increases 

d the wavelength of the used monochromatic light decreases 


e Which of the following figures represents the interference pattern formed in a Young's 


^ double-slit experiment? 
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[67 In Young's double-slit experiment, which of the following figures, represents the graph of 
< the distance between the center of the central fringe and the center of its following bright 


fringe (Ay) versus the distance between the double-slit barrier and the screen (R)? 
Ay Ay Ay Ay 
= D. - N. 
a) b c (d) 


[77 In a Young's double-slit experiment, when increasing the intensity of the used light, the 
T distance between the center of the central fringe and that of the first dark fringe .... 


8 increases b decreases ©) vanishes d; doesn’t change 


© In a Young’s double-slit experiment, the separation distance between the two slits was 
° 10-4 mand the distance between two consecutive fringes of the same type was found 
to be 3.75 mm when they appeared on an observation screen at a distance 0.75 m from 
the double-slit barrier, so the wavelength of the used light equals «+--+...» i 


4) 5000 А 5/5400 А ©) 6000 Å d) 6400 Å 


© X The opposite graph shows the variation 4y(mm) 
T of the distance between the center of 

the central bright fringe and the center of 
the first bright fringe (Ay) versus the 
wavelength of the used light in a Young's 
double-slit experiment (A), so if the distance 
between the observation screen and 
the double-slit barrier is 1 m, the distance 
between the two slits (d) equals .............. 
(3)10* m 
5) 10-4 m 
(©) 10? m 


@ 10? т 
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3# In a Young's double-slit experiment, if the distance between the two coherent sources 
was 1.6 mm where the interference fringes were formed on a screen at a distance of 60 cm 
from them such that the center of the third bright fringe was at 0.6 mm from the center of 
the central fringe, then the frequency of the used light equals ............. " 

(Given that: the speed of light in air 23 x 10° m/s) 

(8) 4.08 x 1016 Hz (p563x10^Hz — (474x10?Hz (07.08 x 10" Hz 


e In Young's double-slit experiment that is eat in | 
© the opposite figure, if = 10* d, then .. 


@ay=A yay = 10%, Ite 


(с) Ay = 1074 i =4 | 
(c) Ду= 107° А d) Ay 215 R 


Which of the following diagrams of Young's double-slit apparatus will yield the best 
noticeable interference fringes? 


_| а 
кайр |! йш) ||“ 
Im | 05m 
(b) 
| 0.5d 
)-2450nm " ). 2600 nm 
| lim 


(о) 


® 3k The opposite graph represents the variation 
of the distance between two bright successive 
fringes (Ay) versus the reciprocal of the 
distance between the double slits (E +), if the 
distance between the double-slit barrier and the 
observation screen is 2 m, then the wavelength 
of the used light equals ... 
(8)5 x 10? m 
(5)2x 105 m 200 400 600 800 1000 
(©) 105m 
(d)5x107 m 


21 (m! 
qo? 
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Ф, Ж In the opposite figure, the distance 
^ between the double-slit barrier and the 
observation screen in Young's double-slit 
experiment equals ............. : 
(250.4 m (5)0.8 m 
@12m d)l6m 


The ratio between the width of the central bright fringe in Young's double-slit experiment 


when using red light and its width when using violet light with holding the other factors 
constant is .. 


a) greater than one bless than опе 


|) equal to one d indeterminable 


© Ж In Young's double- slit experiment, when using green light of wavelength 550 nm 
the separation between the centers of two successive interference fringes of the same 
type is 0.275 mm. When violet light of wavelength 400 nm is used, different fringes were 
obtained, then the distance between the centers of two successive interference fringes of 
the same type in the case of violet light equals 


4/5 mm 5.0.3 mm c/0.25 mm d, 0.2 mm 


(p Æ In Young's double-slit experiment, if the distance between the centers of the fifth 


bright fringe and the central fringe is x, so the distance between the centers of the second 
dark fringe and the central fringe is 


a) 3 2 23. 2 
Уто * PIT EXT. 07% 


© Ж Young's double-slit experiment has been conducted twice, once - 
using a monochromatic red light and another using a monochromatic 
blue light while holding the distance between the double slits 
unaltered, hence the opposite figure represents the interference patterns x 
obtained in both times. If the distances between the double-slit barrier 


and the screen in both cases are R, and R, respectively, then the ratio 


SESE 


т First case Pow сав 
k : АШ 
û, greater than one b) less than one c; equal to one @ ) “ndeterminabe 


UNIT === 


1 - Lnaersiand OApply @Analyze 


© Ж In Young's double-slit experiment, a red light of wavelength 6000 À fell on a double 
slit separated by a distance 2 x 107^ m, so an interference pattern appeared on a screen 
1 m away from the double-slit barrier. If the red light is replaced by a violet light of 
wavelength 4000 À with holding the other dimensions of the apparatus unaltered, what 
is the order of the bright fringe of the violet light whose center will appear at the same 
position as the second bright fringe of the red light? 
1 b)2 с)3 d4 


& The central fringe in Young's double-slit experiment is formed due to the superposition of 


^ thetwo waves between which the path difference is .............. 


(ajo pà 3p (324 


ae In Young's double-slit experiment, a monochromatic light of wavelength Ais used, so the 
= path difference between the two light waves at the fourth bright fringe equals ............. Р 
adn ВТА (e)2% DAN 


[22] In Young's double-slit experiment, a red light of wavelength 6000 Ais used, so if the path 
© difference between the two waves that are initiated from the double-slit to form a definite 
fringe on the screen is 9000 A , the formed fringe is ............. 
aJ the first dark fringe (b; the first bright fringe 
(с the second dark fringe d) the second bright fringe 


Ina Young’s double-slit experiment, to obtain more obvious interference pattern, it is 
5 preferable to use a monochromatic source of ............- ; 
(®) green light h` red light ©) yellow light d) violet light 


e The opposite figure shows the centers of the interference fringes obtained 
in a Young's double-slit experiment with a definite drawing scale, 


If position X represents the center of the central fringe and position Y 
represents the center of the tenth bright fringe, the center of 
the fourth bright fringe will be at position ............- . 


@А 5B cc @ 


& Ж Suppose that a Young's double-slit experiment is conducted in water instead of air 


* using the same apparatus with the same geometrical arrangement, so the interference 
fringes -.........-.- Y 
(8) become fewer b) become wider (© become thinner (d) won't appear 
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In a Young's double-slit experiment, the width of a bright fringe was Ay, if the experiment 
is repeated with immersing the whole apparatus in a liquid of refractive index n without 
disturbing its geometrical arrangement, the width of the bright fringe will be ............. . 


(a) Ay (b) nAy c) Ar (4)0 


Light diffraction 


& When a light wave passes through a slit that is narrow relative to the wavelength of light, 

^ the property that changes for the wave is . $ 
(а the speed b` the wavelength 

(c) the frequency d. the direction of propagation 


e When light waves fall on different apertures of different sizes, it is expected that 
^ the diffraction of light will be most observable if the aperture size is ............. s 


1m (b 107m cj 103m 4) 103 m 


& The following diagram represents a given range of the electromagnetic spectrum: 
. 


Ultraviolet} Infrared 
waves waves 


Microwaves 


Visible light waves 
So, which of the following electromagnetic waves gives a more observable diffraction 
when it passes through a narrow slit? 
(3) Infrared waves b) Microwaves 
(с) Ultraviolet waves d) X-rays 


[20] The opposite figure represents a house 
^ below the level of a hill top receiving 
radio waves, so the reason which lets 
these waves reach the house is the 
phenomenon of ............. 3 


(a) diffraction b) interference 


(c) refraction d reflection 


Kyu It is difficult to observe light diffraction in daily life because of ........... . 
a) the high speed of visible light b) the small frequencies of visible light 
с) the short wavelengths of visible light (d; the high intensity of visible light 
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32) Which of the following diagrams represents correctly the phenomenon of light diffraction 
^ when light falls on an aperture? 


\ 
+ + € E see 


(a b 


و 


(© 
e) 


& The opposite diagram represents a wave \ P бз 

^ passing through an aperture, which of заар LY We 

the following changes in the aperture size ro 
and the wavelength could make the diffraction 

more obvious? 


" 


Aperture size Wavelength А Е 
а = = e Direction of wave propagation 
(a) Decreasing Increasing 
(b) Decreasing Decreasing 
(c) Increasing Increasing 
(d) Increasing | Decreasing 


D The wave property of light which doesn’t get affected in both phenomena of refraction and 
^ diffraction is ............. : 
(а the propagation Ъ the speed © {һе wavelength Һе frequency 


© The opposite diagram represents а Young’s 


^ double-slit experiment, what are the light | 
phenomena that occur at both positions of X and S? 8 
Position X Position S; | | Кее ж 57 ; 
( D Diffraction | Diffraction | ¥ | 
(b) Interference Diffraction 
© | Diffraction Interference 
XO ) | Interference Interference 
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| Second | Essay questions 


[17 How to get a high noticeable interference pattern in Young's double-slit experiment? 
; Explain your answer. 


ө What are the types of interference at points А апа В? 
. 


© Young’s double-slit experiment is conducted by using гей light, what happens to 
? the distance between the formed interference fringes, if: 


(a) the distance between the slits is decreased? 
(b) blue light is used instead of red? 


(c) the observation screen is displaced away from the slits? 


[47 In Young's double-slit experiment: 
f (a) What did Thomas Young confirm by this experiment? 
(b) Why did Thomas Young use a monochromatic light? 


(c) How did Thomas Young get two coherent light sources from one source? 


e Explain the following statements: m I 

Н (1) The central fringe in Young’s double-slit experiment is always bright. 

(2) Light diffraction has not been observed when a monochromatic light waves fell on 
a circular aperture. 


(3) There is no big difference between the phenomena of interference and diffraction 
of light. 


о 


. 
inthe following figure what is the wave phenomenon which makes these fringes appear? 


A double-slit is lighted by a blue light, so bright and dark fringes are observed as shown 


| 


@ Write (changes), (constant), (formed) or (not formed) in front of each of | 


1 @ Understand OApply Ф Analyze 


the following properties of light: 
I А 
Direction | Frequency | Wavelength | Speed быр E n: 
medium | 
Reflection | 
| 
Refraction | 
Interference 
Diffraction | 


Questions that measure 


Answered in detail 


Choose the correct answer : 


o In Young's double-slit experiment, if the wavelength of the used light is changed from 
400 nm to 600 nm with holding the other factors constant, the distance between the 
central fringe and the first dark fringe has increased by 0.01 mm, then the distance 
between the central fringe and the second bright fringe in the first case equals ... 
(2)0.01 mm (20.02 mm /€)0.04 mm (00.08 mm 


© The opposite figure shows the centers of the interference " 
fringes obtained in a Young's double-slit experiment with rit 
a definite drawing scale. If position X represents the center 
of the central fringe and position Y represents the center of 
the second bright fringe, the center of the second dark fringe 
will be at position ............. z FE ENR 
(а)А (b)B : 
(C (D 


i 
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Lesson Three 


© Previously, we have explored the 
behavior of light rays when they 
encounter the boundary between two si ^ 225 I 
different media. We have learned that ^ 
when a light ray is incident upon this 4; 
boundary, its direction is altered as it 


passes through the second medium, 


a phenomenon known as 


However, in some cases, all of the light ray is reflected back into the first medium, 
a process called total interna ection, In this lesson, we will explore the reasons for 


why total internal reflection occurs and learn about some of its practical applications. 


- When a ray of a monochromatic light falls from an optically denser medium 
(such as water) on the boundary surface with an optically less dense (rarer) 
medium (such as air), there will be some possibilities : 


UNIT — 


1 


ı If the angle of incidence equals zero 
0 (the light ray falls perpendicular on 
| the boundary surface ( = 0)) 


| If the angle of incidence is increased 
` slightly to be greater than zero (the 
e light ray falls at an angle on the 
boundary surface ( > 0)) 


© By increasing the angle of incidence 
of light gradually 


| When the angle of incidence reaches 
o a definite value that is known as the 
critical angle (6. ) 


When the angle of incidence becomes 
greater than the critical angle (ф > $2 


Boundary 
surface 


The light ray passes into the optically rarer 
medium (air) without any refraction (6 = 0) 


The light ray passes into the optically rarer 
medium (air) refracted away from the normal on 
the boundary surface where : п, sin ф = n, sin Ө 


The angle of refraction (0) in the optically rarer 
medium (air) increases gradually as: 
n, sin ¢ = n, sin 8 


The light ray gets refracted tangent to the 
boundary surface i.e., the angle of refraction of 
the light ray (0) equals 90*, so: п, sin 9, =n, 


The light ray gets reflected back in the optically 
denser medium (water) so that the angle of 


incidence = The angle of reflection 


*X From the previous, we can define each of the critical angle between two media and 


the total internal reflection as follows: 


The critical angle between two media ($,): - - The total internal reflection: ----- 
It is the angle of incidence of the light ray in It is the reflection of light ray in the 
the denser medium which leads to a refraction denser medium when it is incident 


angle of 90° in the rarer medium. 


at an angle that is greater than the { 
critical angle between the two media. : 
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L Deducing the relation between the critical angle and the refractive index of a medium : 


» When a light ray passes from an optically denser medium (п) to an optically rarer 
medium (nj), Snell's law is applied : 
n sing =n, sin Ө 
If the light ray falls with an angle of incidence that equals the critical angle (ф,) between 
the two media, it gets refracted tangent to the boundary surface: 


7ф=ф. , 0290 | 
7. n sin $, =n, sin 90° 8 № 
1 
“ny sing, =n, ‘aac: d 
If the rarer medium is 
Air (п =n, = 1) Not air 
_So. 
ncn » nsinġ,=1 n, sino, =n, 
a X sin (0) 
und Б ct " 1 1 cl 
sing, 2—-2--7 == == n = 
n Ф. ork, ДЫ л == mg 
Where 
* (n) is the absolute refractive index of n>n 
the denser medium (n > 1). LI Фф. is the critical angle between 
* (,) is the critical angle of the medium the two media. 
with air. * (0), is the critical angle of the first 
medium with air. 
Ы (Ф), is the critical angle of ће second 
medium with air. 
Ss 


Note : 


* Knowing that sin $, is always between 0 and 1 (0 < sin $, < 1), so when calculating 
the critical angle between two media, the value of the quantity in the numerator Ий be 
always less than the value of the quantity in the denominator. 


f © The types of material of Ө The wavelength of the incident | 
| the two media light ray 
Illustration 

| 
i=l | 
Air I 

nzl.5 ПЕЕ 
! 
Red А 
ы | | 
n= Air { Айг | 
! 

n=133 488° ШЕП 
i i 

Light ray Yell 
| | 
n= 1.33 2 | 
Water Air | 
|" ( 
n=15. 62.5°| (L402 
i 1 
Blue 
م‎ 


If the absolute refractive indices of glass and water for a given monochromatic light ray 


are 1.6 and 1.33 respectively, calculate: 


(a) The critical angle for each of them with air. 
(b) The critical angle for the incident light ray that travels from glass to water. 


Solution 


(6), =38.68° 


The critical angle between water and air: sin (,) = == Li 


ny, 133 
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(Ф), = 48.75* 


(b) n, sin ф = n, sin 90 


n 
8 =, 1.33 
eae dort. 


$, = 56.23° 


shorter wavelength, what happens to the critical angles for each of glass and 


What the used light in this example is replaced by another monochromatic light of 
m РЫ water with air? 


The speeds of propagation of a light wave through two different media (x and y) 
are 2 x 10° mis and 2.75 x 105 mls respectively. 
Calculate the critical angle between the two media. 


Solution a, Clue 


| [v=2.75 х 10° m/s! | ф,=? Light travels with the lowest 
Me speed through the medium of 
the highest refractive index. 


Xs. 2X 108 
Py = 46.66° 
2, you are asked to calculate the ratio between the critical angles of light for each 


| if | of the two media with air Ф. 
== Ф.у 


, what will be your answer? 


A piece of diamond was placed at the bottom of a wide basin filled with water for a height 
of I m, calculate the smallest diameter of a cork disk that while floating on the water 
surface will be enough to block the reflected light by the diamond from emerging out of 
the water surface. (Giving that : The absolute refractive index of the water = 1.33) 


Solution 


The smallest disk that can block the reflected light from the diamond has to be put 
on the water surface in such away that its center is directly above the diamond 
piece and the angle of incidence of the light rays which reach the edge of the disk 
is equal to the critical angle. 
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"T erp» A dius o 

5 sind =a" тоу 3" 79,7 48.75 
SE cd Li = 

tan 48.75 = = 7 wt wrell4'm 


-. The diameter of the disk = 2 r = 2.28 m 


the height of water in the basin gets increased, what happens to the required 
diameter for the cork disk that has to float on the surface of water to block out 


the reflected light from the piece of diamond? 


The opposite figure shows a light ray falling on a transparent | 60° 

slab at point x and emerging tangent to the other face at point y. 

Calculate the refractive index of the transparent slab. 

(Giving that : sin (90 — 8) = cos Ө) PEL 
Solution 


At point (x) : 
NEL Ф 
sin Ө 
_ sin 60 
7 7 sin Ө, (D 
From the figure, we find: 


рала TREE 
л=п, © sin(90-8) - cos 8, © | 
From (1) and (2): 


sin 60 __1 
sin®, соѕ 6, 


sin Ө; d 
—, = tan Ө, = sin 60 
cos 8, 1 


^. 6, = 40.89° 
By substituting in equation (2): 


sin 60 
~ sin 40.89 — saa 
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5 
The opposite figure shows the path of a light ray k 
through three media k, апа m that have refractive $1 
indices LL and nn respectively, so A І 
(Dn, > n» n, (bin > n> ny J 
On, >, > n dni» n,» n, Ят 
' m 
Solution 


77 The incident light ray on the boundary surface between the two media k and l gets 
refracted towards the normal. 


^an 
‘y The incident light ray on the boundary surface between the two media land m gets 
refracted tangent to the surface. 
“n>, 
- Applying Snell’s law at the boundary surface between the two media К and / : 
n, sin ¢ = n, sin Ө © 
- Applying Snell’s law at the boundary surface between the two media landm: 
n, sin Ө =n, sin 90 =n, Q 
From the two equations (1) and (2): 
“ny sing =n, "sinó«l n>n 


~. The correct choice is (а). 


| What | the light ray passes directly from medium k to medium m and falls with the same 
| if angle of incidence (0), what happens to the path of the light ray in medium m? 


@ Test yourself. А ea 


! Oa light ray fell from glass on the boundary surface with water, so its wavelength 
| changed from 5000 А to 5625 А . calculate the critical angle from glass to water. 


UNIT ^ 


1 


) я If the critical angle of glass with air is 41.81° and the critical angle of oil with air is 
| 43.23°, calculate the critical angle of glass with oil. 


a Choose the correct answer : 
In the opposite figure, which angle is representing 
the critical angle? 

| ‘а Angle (1) b) Angle (2) 
©) Angle (3) d Angle (4) 


Applications of the total internal reflection of light 


Е==—= ms [2] ==: RM 
| Optical fibers (fiberoptic) Reflecting prism Mirage 


a Optical fibers (fiberoptics) | 
© Structure: 


It is a thread-like tube of a transparent elastic 
material, which has a relatively high refractive index. 


© Idea of working: Total internal reflection. 
© Explaining the idea of working: 


Light source 


/ When a light ray falls on the internal 
surface of the optical fiber with an angle 
| of incidence greater than the critical angle, 


| The light ray undergoes multiple successive total 

| internal reflections till it emerges from the other 
end without any noticeable loss in the light intensity 
despite of bending this fiber. 
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@ Uses: 
1. Transferring light to parts which are hard to reach. 
2, Transmitting light in non-straight paths without much losses in the light intensity. 
3, They are widely used nowadays in medical examination 
devices such as medical endoscopes, which are used in: 
- Diagnosis. eR 
- Operative surgery using laser beam. 
4, Communication as light can carry signals of data in optical 
fiber cables. 


Note Н 
Г Optical fiber that are made of two layers аге preferred to the optical fibers that аге 
made of only one layer; 
Because the refractive index of the material of the external layer (n,) is less than that of 
the internal layer (n). 
Hence, the external layer reflects any part of light that may escape from the internal 
layer by total internal reflection so that light is kept travelling inside the fiber. 


Light source 
Accordingly, the intensity of the transmitted light by the optical fiber can be kept 
constant, which increases the efficiency of light transferring. 


ü Reflecting prism | 


© Structure: 
A triangular glass prism whose angles are 45°, 45° and 
90° that is made of glass of refractive index 1.5 
i.e, its critical angle with air is 41.8? (= 42°). 


© Idea of working: Total internal reflection. 


UNIT == 


1 


© Usage: 


( 1 ; Changing the path of the light ray by 90° 


The ray passes straight and falls on the face 
© (AC) opposite the right angle by an angle 

of incidence 45°, /.е., with an angle that is 

greater than the critical angle of glass. 


When a light ray is incident 
o normally on one of the 
adjacent faces to the right 


angle of the prism (AB for A The light ray gets reflected 


instance). ! totally by an angle 45°, then 
the reflected ray falls normally 
on the other adjacent face to 
the right angle (BC). J 
The ray emerges straight 
© on face BC with an angle a 


` of refraction that equals zero. 


|2 Changing the path of the light ray by 180° 


When a light ray is incident 
The ray passes straight to fall © normally on the face (AC) 


Ө on one of the adjacent faces | opposite the right angle. 
to the right angle (AB for : = 
instance) by ап angle of 45°, ө The ray emerges straight 
ie., with an angle greater than / from face AC with an 


angle of refraction that 


the critical angle for glass. 
= equals zero. 


The ray gets reflected 
totally for the second 

time and falls normally 

on the face (AC) 

opposite the right angle. / 


The light ray gets reflected 

- Ө totally by an angle of 45° 
to fall on the other adjacent 
face (BC) to the right angle 
with an angle of 45°. 
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From the previous, we can compare the two uses of reflecting prism as follows : 


To change the path of To change the path of \ 
The prism's the light ray by 90° the light ray by 180° 
face on which 
the light ray One of the right-angled faces The face opposite the right 
falls (face AB) angle (hypotenuse AC) 
The angle of 
incidence (ф) 249 е 
The deviation " 3 
angle of light 90 180 
‘The angle of ray Zero Zero 
emergence 
E “gol "es The other face of the The same face of light 
i right-angled faces (face BC) entrance (hypotenuse AC) 
t ray eme 
(light ray emerges 
The number of 
ering One time Two times 
inside the prism 
An optical 
instrument that 
uses the prism 
Periscope Binocular 


V 
-Notes P 


(1) Reflecting prisms are preferred to metallic reflecting surfaces or mirrors in some 
optical instruments for the following reasons: 


(D Because they reflect light totally while there is no other reflecting surface of 
efficiency 100 96. 


(2) In addition, a metallic surface eventually loses its luster, hence its reflection 
efficiency decreases, this does not happen in a prism. 


= 
AR 
w 


I 
= 1 


(2) The faces of a reflecting prism аге coated with non-reflective layer of a material like 
cryolite (aluminum fluoride and magnesium fluoride) whose refractive index is less 
than that of glass. 

Thus, the critical angle between glass and cryolite becomes small to avoid any 
reflection losses on the faces of the prism and increase its efficiency. 


© Mirage is a common phenomenon at the noon 
times during the very hot days, for example: 
1. Car drivers see the roads as if they are covered with 


water, 

2. Hills and palms appear as inverted images such as 
the image formed due to reflection on water surface. 
So, the observer thinks that there is water and this 
phenomenon is known as mirage. 


© Explanation of mirage phenomenon: 
- In extremely hot days, the temperature of air layers adjacent to the Earth's surface increases 
so that their density decreases more than the upper layers. Accordingly the refractive index 
of the upper layers (n) become larger than that of the lower layers (n,). 
- When a light ray that is coming from an object passes from the upper air layers 
(optically denser layers) to the lower air layers (optically rarer layers); 
(Т) It refracts away from the normal according to Snell's law, where : n, sin =n, sin 0 
(2) The deviation of the light ray increases as it passes through air layers taking a curved path. 
© When the angle of incidence of the light ray in one layer becomes greater than the 
critical angle with the following layer, the light ray gets reflected totally till reaching 
the observer’s eye, hence the eye sees the image (the tree) inverted on the extension of 
the light rays that reach the eye as if it is reflected on water, so the observer thinks that 
there is water on the ground. 


Test yourself. 


Choose the correct answer: 


(a) AC (b) DE 
(c; EF @BC 


па In the opposite figure, а light ray passes through 


-—— 3 cm——- 


two similar triangular prisms (T) and (2) 


of different materials, so what is the relative 
Light ray 
refractive index between their materials ( 1,53? 


(2)0.6 (60.8 
(с)0.9 (d) 1.67 


п Ж The opposite figure represents two reflecting triangular ^ 
prisms. When a light ray (x) is incident perpendicular оп E 
face BC, the ray emerges from face ................. 

© ВЕ 
x 
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Chapter Mech 


Total Internal Reflection — "^ 


Questions on Lesson Three 


The questions signed by Ж are answered in detail, | 9 0050500 Apply @Analyze 


Multiple choice questions көш 


o The total internal reflection for an incident light ray from an optically denser medium to 
^om optically rarer medium occurs when the angle of incidence is .. 


(a) equal to 90° (b) greater than the critical angle 
(© equal to the critical angle (O less than the critical angle 
e The opposite figure represents four incident light rays m a) 
on a semi-circular glass prism whose refractive index 
is 1.5, which of these rays undergoes total internal їр 
reflection? 
(а) Ray (1) (b) Ray Q) 180° 
© Ray (3) @ Ray (4) 
e The opposite table shows the absolute refractive Material | Refractive index 
indices of three materials x, y and z, hence total 2 1 
internal reflection could happen when light 
travels from ............. А y 133 
(а) material х to material y * 15 


(b) material x to material z 
(c) material y to material z 
(d) material z to material y 


o The figure that represents the correct path for an incident light ray on a semi-circular 
т glass prism in which the angle ф, equals the critical angle is ............. . 


П | 
i 1 [| 
i 
1 
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© In the opposite figure, if the angle of Medius X 
^ incidence becomes 45°, which of Medium y 
the following figures represents 
the correct path of the ray? 


42 


Medium x 
Medium y 


[67 The largest angle of refraction for a light beam passing from water of refractive 


index 4 to air iS ss : 


(2) 41.82? (b) 48.59° (c) 90° (d) 180° 


9 The critical angle between two media depends on ............. . 
^ (a) the absolute refractive index of the optically denser medium only 
(b) the absolute refractive index of the optically rarer medium only 
(©) the absolute refractive indices of the two media 


(d) the angle of incidence of the light ray on the boundary surface between the two media 


ө Which of the following figures represents the graph of sine of the critical angle (sin $.) for 
, multiple transparent materials surrounded by air versus the absolute refractive index (n) for 
each of the materials? 


sin Qe sin Qe sin Qe 


Ek. |, 


(a) (Б) (с) @ 


© Æ A light ray falls from air on a liquid surface. If the angle of incidence is 30° and the 
* angle of refraction is 22°, then the critical angle for the ray when it passes from the liquid 
to air i$ ............. * 
(а) 22° (b) 30° (с) 414° (d) 48.5° 


UNIT — 


1 @ Understand Opel Analyze 


® If the critical angle of a medium with air is 42°, the refractive index of this medium 
9 - equals. sss. 
@y2 (5133 (€) 1.64 (8) 1.49 


Ф Tf the refractive index of glass is 12, , the biggest angle of incidence in the glass at the 
? boundary surface that lets the light ray emerge from the glass to air and doesn't suffer 
total internal reflection equals . 
(a)30° (b)45* (c) 60° (d) 75° 


[12] If the critical angle for a light ray from a glass slab of refractive index 1.52 to another 
© medium of refractive index n is 45°, then the value of n equals ............. е 
(1 (b) 1.07 (c) 1.33 (d) 1.52 


A container of glass of refractive index 1.65 contains a liquid of refractive index 1.32, 
Э во the critical angle between them is ............. : 


(4)37.31° inside the glass (b) 37.31? inside the liquid 
(с) 53.13° inside the glass (d) 53.13? inside the liquid 


Æ Three transparent materials x, y and z have critical angles with air (0y Oy and (ф.), 
respectively, giving that a total internal reflection could happen when light travels from 
material x to material y and also when it travels from material y to material z, which of 
the following mathematical expressions relates the critical angles of each of these 
materials surrounded by air? 


2 


DER Oy < (62, BO, < (62, < (6), 
©), = Oy = (6), O (6), < (6), < (2, 
[157 Which of the following diagrams represents a total internal reflection of a light ray? 
ú Glass prism Glass prism Mirror Mirror 
(а) ® © (d) 


[10] 3% If the speed of light in air is 3 x 10° m/s and in another medium is 1.33 x 10° m/s, 
then the critical angle of that medium with air equals ............. s 


(a) 26.32° (b)3226* (c) 63.68* (d) 68.63* 
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© If the critical angle for a light ray travelling from medium a to medium b is [A and 

* the speed of light in medium a is v, then the speed of light in medium b is ............. 
v é | x 

cos 6. 


(3) v sin 9. (b) v cos 9. © 


Ф Ж If the critical angle from glass to air is 42° and the critical angle from water to air 
is 48°, then: 
(i) The relative refractive index from glass to water equals ............. 5 
@)08 09 (c) 1.11 (d) 1.8 
(ii) The critical angle from glass to water equals ............. . 
(a) 25.84? (b) 45° (c) 64.16? (d) 90° 


Ж The wavelengths of a light ray in two media x and y are 5500 Aand 4000 A 
respectively, then the critical angle between the two media equals ............. i 
(a) 11.43* (b) 43.11° (©) 46.66° 1d) 89.46° 


€ Ж A light ray is incident at an angle of 54° from air on the surface of a transparent 
" medium, so a part of the ray is reflected and the other part is refracted. If the reflected 
and the refracted rays are perpendicular to each other, the critical angle of the transparent 
medium with air is 


(a) 284° 


(b) 35.4° (с) 424° 4\46.4° 


& The opposite figure shows how the incident light rays 
" from source S pass through an optical fiber made 


of two layers, hence the ratio between the absolute T 
refractive indices of the internal and the external Rod EE 

layers (=) of the fiber ............. . 

(a) is БЕНГ ап опе (b) is less than опе 


( d is equal to one 


(©) might be greater or less than one 


& A physician used an endoscope to examine a digestive tract tumor for a patient, the 
e. 
working principle of this endoscope is based on the phenomenon of ............. i 
(4) light refraction (b) light interference 


(©) total internal reflection of light (d) light diffraction 


UNIT ^ 


1 Ф Understand OApply @Analyze 


® A light ray is incident with an angle of incidence 40° on the boundary surface between 
” glass of refractive index 1.5 and air, so which of the following figures represents the path 


of the ray? 


& 


&e Which of the following graphs represents the relation between the sine of the critical 
T angle (sin ¢) of a medium surrounded by air and the wavelength (A) of the incident light 
in es "ea 
sin Qe sin óc 


E nb. b. 


Өт opposite figure shows ће 
occurrence of mirage, hence the 
correct order of refractive indices 
of air layers is ............. 
(ап, «n, «n, 

On «n, «n, 
On, «n, «n, 
(d)n, «n, «n, 


Ж The opposite figure represents a light ray passing 
from medium x to medium y towards medium z, so 
the relation among the absolute refractive indices 


for these media п, n and n, Wels eis, 


On, «n, «n, On, «n, «n, 


(On, «n, «n, On, «n, «n, 
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9 Ж A lamp is submerged in a liquid of refractive index [2 at a depth of 20 cm, then: 
(i) The radius of the smallest floating disk on the surface of the liquid which is enough 
to block the light of the lamp is ............. . 
(® 0.05 cm 5) 0.7 cm 
(c) 20 cm (d) 40 cm 
(ii) If the depth of the lamp is increased under the liquid surface, then the radius of 
the disk needed to block the light of the lamp should ............. " 


(а) increase (b) decrease 
(c) remain constant d no correct answer 
Æ If n ав > "gasoline > water? the critical angle from glass to gasoline is (0, and 
. the critical angle from glass to water is (ф,),, the ratio SL is ............. i 
1 2 
(4) less than 1 (b) greater than 1 
(c) equal to 1 (d) indeterminable 


1 In the opposite figure: 
(i) If the refractive index of the prism is 1.5, 
the incident ray on face ab ............. i 
(а) emerges with an angle 45° 


(b) emerges with an angle 60° 


(c) emerges with an angle 90° 

(d) undergoes total internal reflection 

(ii) If the refractive index of the prism is 2, the incident ray on face ab ..........,.. . 
(3) undergoes total internal reflection (b) emerges with an angle 60° 


(с) emerges with an angle 82° (d) emerges tangent to that face 


& In the opposite figure, what happens 
1 for the light rays when increasing 
the angle of incidence $? 
(2) Ray xa suffers a total internal reflection at point a. 
) Ray be suffers a total internal reflection at point c. 


The intensity of ray bz increases. 


(d) The intensity of ray bd increases. 


9 


e 


© 


° incidence 60° into an optical fiber of material refractive 


1 @ Understand O Apply e Analyze 


Which light color has the least value of critical angle in glass surrounded by air? 


Red (b) Green (c) Yellow (d) Violet 


A beam of white light is incident on the boundary ! А 
surface between glass and air as shown in ће opposite pone 
figure, hence the green light gets refracted tangent to | 
the boundary surface, so the light rays that emerges ' 
into air are the rays of colors ............. * 

(а) yellow, orange and red 

(b) violet, indigo and blue 

(©) red and blue 


(d) yellow and violet 


A light ray is incident from air with an angle of 


index 1.68, so it gets refracted as in the opposite figure. 
What happens to the light ray at point c? 
(It undergoes a total internal reflection 
by an angle of 58.97? 
(b undergoes a total internal reflection 
by an angle of 49.24? 
Or gets refracted by an angle of 45.25° 
(d) It gets refracted by an angle of 36.52° 


The opposite figure represents the path of a light ray 
through two triangular prisms (1) and (2) of different 
materials that are placed completely adjacent to each 
other, if the refractive index of the material of prism (2) 
is 1.55, the refractive index of the material of prism (1) 
equals .............. 

(2227 

(b) 2.22 

(@)2.19 

@ 2.14 
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& The opposite figure shows a light ray falling 3 


^ from medium A of refractive index n on the 


boundary surface with air, hence that light ray + 


can not pass by point ............. i 
@)х 
(y 
©» 
@к 


| Second | Essay questions 


© Explain the following statements: 
ri (1) Despite the falling of a light ray from an optically denser medium to an optically rarer 
medium, it doesn't undergo total internal reflection. 
(2) Part of the light emitted from a source beneath the surface of water might not be seen 
in air. 
(3) Optical fibers are used in medical endoscopes. 
(4) Prisms are preferred to mirrors as reflectors in some optical instruments. 


(5) The appearing of mirage in hot deserts. 


e Four light rays are emitted from a light source under the surface of a liquid of refractive 
ї index 2. If the first ray falls perpendicularly on the surface of the liquid, the second 
falls at an angle of incidence 30°, the third at 45° and the fourth at 60°, describe what 


happens for each ray. 
The opposite figure shows a light source Region (b) ; ight emergence region | Region (a) 
at the bottom of a water container. "Xy Ix 
| (a) Why doesn’t light emerge from regions “ 
` (a) and (b)? Water 


| Light source 


(b) Calculate the value of the angle 0. 


(Where: The refractive index of water = 1.33) 
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o In the opposite figure : 
? An optical fiber is coated by a thin film whose 
refractive index is less than that of the fiber's core. 
If a light beam passes through it as shown in 
the figure, explain why: 


(a) the direction of the beam does not change at each of S and P. 
(b) there is total reflection at each of Q and R. 
(c) the double layer in the optical fiber is preferred to that of a single layer. 


© The opposite figure shows two reflecting prisms where 
T prism (2) is coated with a transparent thin film of 

another material. 

(3) What could be the type of the material of the thin film? 

(b) Which of the two prisms is more efficient? 


And why? 


а) (2) 


The opposite figure represents two reflecting 
prisms. If a light ray falls perpendicular on a face 
of one of them, trace the path of the light ray till 
it emerges from the other prism. 


The opposite figure shows a right angle isosceles 
` , 9 ? Red 
triangular prism where three different colors of light Yellow. = 
rays fall on one of the adjacent faces to the right Blue 
angle. So, if the yellow ray emerges tangent to 
the opposite face of the right angle, trace the path 
of the other red and blue rays, with explanation. Yellow 


© The opposite figure shows a light lamp which is placed at 
the bottom of a container under two layers of different liquids 
(1), (2). The refractive index of the lower layer is 2 while the 
refractive index of the upper one is 1.5. A light ray falls from 


the lamp on the boundary between the two liquids at an angle 
of incidence 35°. 
Trace the light ray and show if the ray will emerge to the air or not. 
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i me. 
Questions that measure пона 


Choose the correct answer : 


o Three transparent materials have absolute refractive indices n. , п, and n,, a light ray is 


incident on the interface of each of them with air as represented in the following figures, 


so, the speed of light + 5 
(4) is higher in medium x (b) is higher in medium y 


(©) is higher in medium z (d) is the same in all of them 


ө A light ray is incident оп a square glass slab as іп the figure, 145° 
then the refractive index of the glass that makes the ray emerges x 
tangent to the vertical face (xy) of the slab equals ............. 1 
(Where: sin (90° — 0) = cos 0) 
(20.816 (b) 1.15 
(c) 1.225 @ 1.375 


e Three layers of transparent materials (M, L, K) through 
which a light ray passes from material K towards 
material M as shown in the opposite figure, if the light 
source is moved from position (1) to position (2) such 
that the angle a gets increased, the light ray when it 
falls on the boundary surface between material L and 
material M will ............. б 
(3) be refracted towards the normal 
(b) be refracted away from the normal 
(C) be refracted tangent to the boundary surface 
(d) undergoes total internal reflection 


=1 


o The opposite figure shows the paths of two light 


rays, so what is the correct order for the absolute 
refractive indices of the three media x, y and z? 
@n, «n, «n. On, «n, «n, 
On, <n, «n, @n, «n, «n, 


©, The opposite figure shows three 
transparent media (1), © and (3), so 
if a light ray passes as shown in the 
figure, what will be the correct order 


of light speeds through these three 

media? 

(3) v» V2» уз (b) vi» v4» v2 
(€) v4 V3» Vi @ v4» v9» Vi 


[4] A light ray ab is incident from medium (1) whose 
refractive index is n towards medium (2) whose 
refractive index is less than n as represented by the 
drawing scale shown in the figure, so if the critical 
angle between these two media is 26°, the light ray 


will pass from point b to point .. 
@x By 
(Oz (Dk 


[7] A light ray falls from glass on the boundary surface with air at an angle of incidence that 
equals the critical angle, so it gets refracted tangent to the glass surface. If a layer of water is 
placed on the glass surface, then the angle of emergence of the ray to air equals ...,......... X 
(Given that: the refractive index of glass = 1.5, the refractive index of water = 4) 

(9) 42° (b) 48° (©) 62° (d) 90° 
Answer the following questions : 


e Three light sources were placed away from each other at the bottom of water basin the 
first source gives yellow light, the second gives red light and the third gives blue light. 
When the three sources are switched on. three circular light spots of different areas have 
appeared on the surface of water. Arrange the sources ascendingly according to the area 
of the spot circle and explain why each light source has different spot circle area. 


л 
о 


; m Deviation of Light 
Lesson Four in a Triangular Prism 


Triangular prism: 
It is a piece of a solid transparent material (like glass) with two identical 
faces in the shape of a triangle connected by three lateral rectangular faces. 


© When a light ray falls from air on face xb of the shown triangular prism; 

- It gets refracted inside the prism taking the path ac. 

- So, it falls on face yb and if its angle of incidence 
on face yb is less than the critical angle between 
the material of the prism and the air, it gets 
refracted and emerges from the face yb of 


the prism. 


i.e, The light ray gets deviated from its path due to passing through the prism by a certain angle 
called the angle of deviation (0), which can be defined as follows: 


The angle of deviation (a) : -- - 
It is the acute angle between the extensions of the incident light ray and the emergent light ray. 


UNIT — 
ram 


n Deducing the laws of a triangular prism 


In the triangular prism shown in the opposite figure: 


is the apex angle of the prism (the angle between the two 
faces of the prism where the light ray enters through one 
of them and emerges from the other one) 


is the first angle of incidence (where light enters) 


is the first angle of refraction 


is the angle of deviation 


Hence, we can deduce each of: 


GEI The apex angle of the prism (A) | 


ie 
Ф e 
‘ ad Lab , dc Leb In the triangle acd: 
Le. Z bad = 90* , Z bcd = 90° +: The sum of angles = 180° 
2. £ bad + Z bcd = 180° .. 0, + ر0‎ +3= 180° 
2. Shape abcd is cyclic quadrilateral. 
-. The sum of each two opposite angles = 180° 
.. A+ = 180° 
L From @ and @ 
© 1 A+3=0, 46,43 
[безш 
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The angle of deviation (a) 


(C 1s 
o e 

B Фф, =Ї+ 8, , 9, =2+ %, 7 The angle of deviation is an exterior 

(since they are vertically opposite angles) angle of the triangle aec. 

~ 1=6,-0, , 2=6,-6, a=14+2 

From @ and ae 
Ө a=, - 8, + 8,-$,=6, +0,- (0, + 0) 
ТА= 0+0, м &=o,+0,-A 


The refractive index of the material of the prism (n) | 
* When a light ray passes from a medium to a prism such that if the medium is: 


Air Other medium, not air 


Sin % air) ы на m Sin 9 (medium) 
a medium prism Ў 
Pprism = sin Ө, (prism) à medium SiN O, (prism) (prism) 
sin 0 = sin 8, SIn 9» (medium) 
d Montr | 7 sin Ф, азбу 
sin Ф, (ргіѕт) 


{+ If the triangular prism is surrounded by air, then the factors that affect each of: 


О The refractive index of the prism for 
The angle of refraction (8,) | the used light (n). 


© The first angle of incidence (Ф). 


The second angle of incidence (6,) Ө The refractive index of the prism for 
The angle of emergence 0) (ате 32 женени (а), 
© The first angle of incidence (9). 


The angle of deviation (o) 
[3] The apex angle (A). 


a 
:1 
2 

(| Special cases for the triangular prism 


@ When the light ray falls normal on © When the light ray emerges normal E 
the face of the prism from the face of the prism Н 


Тһе гау 


enters through face xy without any refraction | emerges from face xz without any refraction 


Such that 
——— 


$i z Ө, = 0° (the minimum value for $; - 9, = 0° (the minimum value for 
the first angle of incidence) the angle of emergence) 
So that 
Фф, = А (the maximum value for 9, = А (the maximum value for 
the second angle of incidence) the second angle of refraction) 
At the emergence of the ray from face xz 
a=0,-A a=b -A 
A 

E ^ 


(e When the second angle of incidence (,) equals the critical angle of the prism: 


In this case $, is the minimum angle of incidence on the face 


of the prism that makes the ray emerge from the opposite face. 


=, , 0, = 90° 
VA 
5 "= sin; »,A=0, +0, 


© When the second angle of incidence (inside the prism) is greater than the critical 
angle of the prism: 

The ray encounters total internal reflection where: 

The angle of reflection = The second angle of incidence 


And the ray falls on the third face of the prism. 


M 
160 
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- N otes: 


(1) The graph of the second angle of incidence )ر(‎ versus 
the angle of refraction (0,) can be represented as shown 
in the opposite figure, where: $; A- 0, A 
(2) When a light ray is incident with an angle (Ф) оп опе of 
the faces of a triangular prism such that the second angle 
of incidence Ф) is less than the critical angle (0). the ray A $i 
emerges from the opposite face with an angle of emergence 


(0,) and when increasing the first angle of incidence (0): 


sin $ 
The first angle of refraction (0) 3 increases > since y а= i ] 
1 
The second angle of incidence ө) decreases у) since я =o, +8, ] 
У зіп Ө, 
The angle of emergence (0,) je since У п=— P. | 
sin 
; 2 
L 


| Method of solving the problems of triangular prisms 


When a light ray falls on one of the lateral faces of a triangular prism, we use Snell’s law: 


n, sin o= n, sin 9, 
Where: n, is the refractive index of the surrounding medium, n, is the refractive 
index of the prism. 


When the light ray passes inside the prism and falls on the opposite face, we use the relation: 


A-0 46, 


اله عاصر فیریاء لغات (الکتاب Qe) ١ت [oov /) LS‏ 
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1 


From the geometry of the figure, we calculate the angle of incidence of the light ray on 

the internal surface of the prism and compare it with the critical angle of the prism with its 
surrounding medíum to determine the path of the light ray at that surface, so if the second 
angle of incidence (inside the prism): 


is less than equals is greater than 
the critical angle between i the critical angle between : the critical angle between the | 
the material of the prism Н the material of the prism : material of the prism and the 
and the surrounding ¦ апа the surrounding surrounding medium 
medium (0, <0) | medium (0, =0) (< | 
В { 
Hence, the light ray 


gets refracted away from the | gets refracted tangent to undergoes total internal 


normal line on the face of the ¦ ће face of the prism so reflection inside the prism 


so that: 


prism, so we apply Snell’s law: 1 that: 


| n, sin >, =n, sin , ! 9, = 90° The angle of reflection = б, 


And this can be represented by the following diagram 


The opposite figure shows a light ray being incident normally 
on one of the faces of a triangular prism of an apex angle 40°, 
if 0, = 1.5 ф,, the refractive index of the prism equals ... 


(3125 (Б) 1.35 
(©) 151 @1.72 
Solution 
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vAZÜÓ +6) , 0, =0° 

.. ر0‎ =A = 40° + 8, = 1.5 x 40 = 60° 
* Applying Snell’s law : n sin $, = sin 0, 

2. The correct choice is (b). 


r= 


What the angle of incidence of the light ray is changed to make the ray emerges 
if normally, what will be the new angle of incidence on the prism (6)? 


The opposite figure represents a light ray that is incident at an 
angle of 45° on one of the faces of an equilateral triangular 
prism whose refractive index equals 1.5, so: 


(i) The angle at which the ray emerges from the prism equals ............... 
a) 28.13? (b) 31.87° (c) 42.12* d) 52.379 


(ii) The angle of deviation for the light ray equals ............. : 
(a) 37.37* (b) 41.43° С) 52.63° (4) 67.37° 
Solution 


Р Q, Clue 
L 
To find the angle of emergence (8,), 


we must calculate 0, then ф, 


Applying Snell’s law: 
sin >, =n sin Ө, 
зїп 45 
15 
^0, = 28.13* 


Az8, +o, 
$, =A—6, = 60 28.13 = 31.87* 


sin Ө, = 


UNIT == 
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By comparing the second angle of incidence (,) with the critical angle of the prism’s 
material, we find: 


$, «6 
* The ray passes from the face of the prism so that Snell’s law can be applied: 
sin Ө, =n sin ф, = 1.5 sin 31.87 
2 8, = 52.37° 
~. The correct choice is (d). 
(ii) «2$, + 6, -A 
= 45 + 52.37 – 60 = 37.37° 
2. The correct choice is (а). 


What, we need to make the light ray undergo a total internal reflection inside 
if the prism, what change should be done to the angle of incidence to do that? 


The opposite figure represents the path of a light ray through 
a triangular prism, hence the angle of refraction Ө, eee 
(а) greater than the second angle of incidence (Ф) 
(b) less than the second angle of incidence (ф,) 


(©) equal to the second angle of incidence (ф,) 


(d) equal to the apex angle of the prism (A) 


Solution 
5 sin 9, Б sin 9, 
=e a 
sin 0, sino, 
sin 40 Sin 60 
“sin 9, = sin Фф, 
*- sin 60 > sin 40 
7. sin 0, «sin >, 
.. 0, <Q, 
^. The correct choice is (b). 


What 
if 


the angle of incidence (0) of the light ray оп the prism gets increased, what 
will happen to the angle of emergence of the light ray? 


164 
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In the opposite figure, a blue light ray falls on 

the face of a prism at point P so that the angle of 
refraction equals 23° then it falls on the opposite face 
at point Q and emerges tangent to that face, hence: 


(i) The critical angle of the prism's material for the blue light equals ......,....... . 


(a) 23* (b) 37° (c) 42° (d 60° 
(ii) The refractive index of the prism’s material for the blue light equals .............. . 
(a) 1.15 (b) 141 ©) 1.66 (d) 1.72 
Solution 


(i) A20, +ф s. X 60-2340, a as ф, = 37° 

* The ray has emerged tangent. 

56,26, 237 

г. The correct choice is (b). 

1 1 
sind. sin37 - 146 
2. The correct choice is (c). 

the blue light ray is replaced by a red light ray that falls at the same angle 
on the prism, will the light ray undergo total internal reflection at the face 


of the prism opposite the right angle? 


(й) п = 


In the opposite figure, if the refractive index of 
the prism's material is 1.5: 

(a) Trace the light ray inside the prism. 

(5) Find the angle of emergence from the prism. 
(c) Find the angle of deviation. 


Solution 


UNIT === 


1 


(a) Applying Snell’s law: sin ф =n sin Ө, 


А sind, sin 60 
sing, = — = و“‎ 
0, = 35.26° ,  A=0 +0, 
60=35.26+0, , ф,=2474° 


" e 1 P 
(b)sinó, == 1s Р $, 24181 


By comparing the second angle of incidence (ф,) with the critical angle for 
the prism (9, = 41.81°), we find: <9, 
* Applying Snell's law : 
sin 6, 2 n sin >, = 1.5 x sin 24.74 0, = 38.88° 
(c) а= (6,6) -A 
= 60 + 38.88 — 60 = 38.88° 


A triangular prism of material's refractive index 1.5 is 
placed at the bottom inside an empty sink where a laser 
ray is incident on it and emerges as shown in the opposite 
figure. If water of refractive index 1.33 is poured into 

the sink till it has covered the prism, what happens to the 
angle of refraction (8) and that of emergence (Ө,)? 


Solution 
When the prism is surrounded by air: 
sin ф 2 ny... sin Ө, © 
When the prism is surrounded by water: 
Pater sin u = П рът sin 9, Q 
Dividing equation (1)by (2): 
1 sin 0, 


water sin Ө, 


7. sin O, = Pa, sin 0, 
BS 
7. sin Ө, > sin 9; 


7. 0, increases when the prism is surrounded by water. 


> Chapter 2 | Lesson Four 


~ A=0 +0, 


When Ө, increases, decreases, so БА decreases. 


changed by another of higher frequency, what will be the effect of this change 


uU: in the first case (before pouring water into the sink), the light source has been 
on the angle of emergence of the light ray from the prism? 


| Test yourself - == 
п Ж In the opposite figure, if the refractive index of the prism is 
1.5, calculate the deviation angle of the light ray. 


Choose the correct answer : 

(1) A light ray is incident with an angle of incidence $, on one of the lateral faces of a 
triangular prism whose material refractive index is n, hence it deviates by an angle œ, 
so if the prism is immersed in a liquid of refractive index 0.8 n and a light ray gets 
incident on it with the same angle ¢, , the deviation angle of the light ray ............. | 
decreases (b) increases (c) vanishes (d) doesn't change 

(2) In the opposite figure, if the light source is 
moved from position (A) to position (B), 
the angle of emergence (0,) ............... . 


(a) decreases (b) increases 
(c) vanishes (d) doesn't change 


- An equilateral glass triangular prism (of apex angle 60°). 
- A protractor. - A ruler. - Pins. 


teps: 
1. Place the glass prism on a drawing paper sheet and 
mark its position with a fine pencil line. 
_ 2. Draw a line ab inclined to one of the faces of the prism to represent the incident ray. 
3. Place two pins (1, 2) on the line ab. 
4. Look at the other side of the prism to see the image of the two pins, one behind the other. 


` 8. Place two other pins (3) and (4) exactly in front of pins (1) and (2) such that the four 
pins appear to be in one straight line. 


6. Draw a straight line cd between the two pins (3) and (4) to represent the emergent ray. 


7. Remove the prism and the pins and join b and c to locate the path of the ray (abcd) from 
air to glass to air again. 


4 
.. 8. Extend cd to meet the extension of ab. The acute angle between them is the angle of 
deviation (a). 


9. Measure: $,, Ө, $,, 6, and о. using the protractor. 
: 10. Record the results in a table as the following: 


і angle оѓ Angle of 29 angle of | Angle of | Angle of | Apex angle 
incidence (6) refraction (CH) incidence (САЙ ешегрепсе )ر0(‎ | deviation (0) (A) 


| 
| | 
11. Compare the results with the calculated values from the relations: 
А= 0+ф, т a=(>,+8,)-A 


Towatch «4 
videos of how to 


Chapter i Deviation of Light in Se 
Questions on Lesson Four a Triangular Prism 


The questions signed by ЭС are answered in detail. | ® derstand OApply | Analyze 


Multiple choice questions 


o The opposite figure represents the path of 
^a light ray through a triangular prism, what is the 
mathematical expression that relates correctly 
angle x with the other shown angles in the figure? 
@х=а+4 (bxsa-b 
@©x=b-c @x=b+c 


e In the opposite figure, which angle represents . 
* the apex angle of the prism when calculating 
the deviation angle of the light ray? 


(а) Angle x (b) Angle y 
(c) Angle z (d) The three angles 


(Є), Which of the following graphs represents the relation of the second angle of incidence (ф,) 
^ versus the angle of refraction (0,) for a light ray that gets incident on the face of 


a triangular prism with different angles of incidence? 


9, $ Ф Ф 


9, = 6, pt > 0, 


@) (b) © @ 
© The following three physical quantities are related to the deviation of light in a triangular 
3 prism: 
(I) The apex angle of the prism 


(II) The refractive index of the prism's material for the used light 
(III) The angle of deviation 


الو عاصر فیزیاء Sl‏ ر الکتاب الآساسی )/ [Sy‏ ت۱ (م Qi‏ 
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So, on which of these quantities does the second angle of incidence in the triangular 


prism depend? 
(3) (D), @) ® (D, (Ш) 
© (п), (Ш) (8) (I), Ш), Ш) 


Æ A ray of light falls on a triangular glass prism at an angle of incidence of 45? and 
emerges with an angle of 52°. If the refractive index of the prism material is 1.5, then 
its apex angle equals ... 


(a) 28.13? (b) 30.18* (€) 31.69? (d) 59.82* 


Ж The opposite figure shows the path of a light ray through 
an equilateral triangular prism of refractive index 1.5, so 


the value of angle Ө equals ............. . 
(а) 47.29 (b) 43° 
(c) 54.8* @ 27° 


© Æ The opposite figure shows the path of a light 
ray through a triangular prism, then the angle of 
deviation for the ray equals ............. . 
(a) 22° (b) 28.38° 
(c) 30° (d) 30.38° 


In the opposite figure, what is the effect of 
increasing the angle of incidence (6,) on 
the angle of refraction (0,) and the second 
angle of incidence (6)? 


(а) Both angles increase. 


Both angles decrease. 


(c) 0, increases and ф, decreases. 


(d) 0, decreases and ¢, increases. 


о Ж In the opposite figure, if ¢, > Ө, anda=A, 
so the angle of incidence (,) might be equal to ............. 


G)lA (BA 
CE (@2А 
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In the opposite figure, if the refractive index of the prism’s 
material is 1.5, then the value of angle Ө almost equals ............. . 
@ 20° (b) 18° 

15° (d) 10° 


The opposite figure represents the path of a light ray 
through a triangular prism, hence the deviation angle 
of the light ray equals 
(a) 65° 
(с)45° 


In the opposite figure, а ray falls perpendicularly on face yz of 
a triangular prism. If the critical angle of the prism’s material 
is 42°, which statement of the following is correct? 


a) The ray passes through face yz without deviation. 
(b) The angle of incidence of the ray on face xy equals 60° 
c) The ray gets reflected totally on face xy. 
(dJ All the previous. 


e 3# In the opposite figure, a light ray is incident * 
normally on face xz of an equilateral triangular prism 
whose refractive index is2, hence the ray ............. . 
(a)emerges from face xy 
(b) emerges from face xz 
(c) deviates from its path by an angle of 120° 
(d) deviates from its path by an angle of 60° 


Ф In the opposite figure, the apex angle (A) of the prism is ............. . 
7 


3) greater than 45° less than 45° 


(b 
(© equal to 45° (d) indeterminable 


G In the opposite figure, the apex angle (A) 
' ofthe prism is ............. 
(а) greater than angle Ө (b) less than angle Ө 


(©) greater than angle ф (d) less than angle 
eg а, 
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[16] Ж A light ray falls normally on one of the faces of a triangular prism of apex angle 30°. 
" If the refractive index of the prism is ү, ‚Шеп: 


(i) The angle of emergence of the ray from the prism equals ............. . 


(8) 15° (b) 30° © 45° @ 60° 
(ii) The angle of deviation of the ray equals ............. . 
(a) 15° (b) 30° (c) 45° (d) 60° 


[17] * Ifa ray of light falls perpendicularly on one of the faces of a triangular prism of apex 
© 
angle 45° and emerges as a tangent to the other face, then the refractive index of the 


prism's material is ............. . 
@12 [OLEI 2 (à 2*2 


Ф Æ The apex angle of a triangular prism is 30°, a light ray falls perpendicularly on one 
о 
of its faces, so it gets deviated by an angle that equals 20°, so the refractive index of 


the prism material is ............. 5 
@ 125 (Б 1.44 (©) 1.53 @ 1.66 


Ф 3K A light ray falls at an angle of incidence 60° on one of the faces of a triangular prism 
H whose apex angle is 40°, to emerge perpendicular from the other face, then the refractive 
index of the prism is ............. e 
@ 1.35 (b 1.29 (©) 121 @ 1.13 


D ЖА ray of light falls from air on the face of a triangular glass prism whose apex angle 
is 72°. If the ray gets refracted by an angle of 30° and emerged tangent to the other face, 
then the critical angle between glass and air is ............. . 

(a) 30* (b) 42° (€) 48° (d) 60° 


e Æ In the opposite figure, if the refractive index of 
o 


the prism is 1.5, so the emergence angle of the light 


ray from the prism equals ............. x 
(à) 19.47° (b) 41.81* 
(c) 48.59° @ 60° 


= 
ч 
N 
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e In the opposite figure, a light ray passes through 
a triangular prism of a transparent material with 


a speed that equals 0.8 c where c is the speed of light 
in air, so angle A is approximately equal to ............. Я 


(8)37* (b) 40* 
(с) 50° (d) 53° 


e Æ Two light rays are emitted from 
source x to pass through two prisms 
(1) and (2) of different materials of 
refractive indices n, and n, respectively 
as shown in the opposite figure, hence 
the relation between these refractive 


indices is ............. 
Iu Z2 
®n «n, (5) n, «n, @©n,=n, #1 @n, =n,=1 
e In the opposite graph, which of the shown Ф 
e (Angle of incidence 


points represents the state of a light ray that inside the prism) 


is incident normal on one of the faces of 

a triangular prism? & 
(à) Point x 

(b) Point y A 

© Point z (First angle of refraction) 


(d) None of them 


e In which of the following cases the path of the light ray is not represented correctly, given 
^ that the refractive index of the material of the triangular prisms in all cases equals 1.5? 
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© In the opposite figure, а light ray is incident at an angle 
of 45° on one of the faces of an isosceles right angled 
triangular prism whose material refractive index is 1.5, 
so the correct path of the emerged light ray is ............. . 


(1 (2 
(93 ($4 


& 3K The opposite figure shows a prism of refractive index 
ы 1.5 submerged in a liquid of refractive index п. If a light 
ray falls perpendicular on the face AB and emerges 
tangential to face АС, so the value of n equals ............. . 


243 5 
OZI 55 
к Ek 
© "BB 


e Ж The opposite figure shows a light ray falling on 
an equilateral triangular prism. If the ray emerges 
tangentially from the opposite face of the prism, then 
the angle of incidence (à) equals <... 

(a) 45.529 (b) 36.24* 
(c) 32.25? (d) 27.22* 


£D) Ж In the opposite figure, if the critical angle of 
е the prism’s material is 42°, then the values of the 
first angle of incidence and the angle of emergence 
tespéctively ате.............. , вв: 
(a) 60°, 90° ®©) 60°, 0° 
(©) 48.16°, 0° (d) 48.16, 90° 


Ф Ж The opposite figure shows a light ray falling 
parallel to the base on the face of a right angled 
triangular glass prism whose refractive index is 1.5, 
then the angle of emergence equals ............. . 

(а) 28.13° Ф) 45° (c) 60° 


@ 73.13° 
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& 3K In the opposite figure, a light ray falls from air normal to 
9 the face of a cube that is formed of two different kinds of glass, A 
then its angle of emergence from this cube is =-= . 
@721° (b) 10.85° 
(©) 37.79° (d)45* 


In the opposite figure, a light ray is incident on a glass triangular 
prism of refractive index 1.5 that is surrounded by air, so when 
reducing the angle of incidence (ф) by 5°, the light ray ............. . 


(A) emerges from face xy refracted away from the normal 
(b) emerges from face xy refracted towards the normal 
(€) emerges from face xy tangent to the interface 


(d) undergoes total internal reflection from face xy 


e 3K A light ray is incident in air with an angle of incidence ON 
on one of the faces of a triangular prism of apex angle A and 
refractive index n as shown in the opposite figure, which of 
the following modifications make the light ray undergo total 
internal reflection at face xz? 


(3) Increasing the angle of incidence $i 


©) Decreasing the angle of incidence ф, 
(©) Using another prism of the same material with a smaller apex angle A 
(d) Using another prism of a material with a refractive index smaller than n 


Essay questions 


[17 What are the factors on which the angle of deviation of the light ray in the triangular 
^ prism depends? 


Ф: The following figures show four different cases of the falling of a light гау оп one of 
* the faces of a right angled isosceles triangular prism of refractive index 1.5: 


Kh AA 


а) (3) (4) 
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In which of these figures the following actions happen? Illustrate your answer with 
drawings. 


(a) The ray deviates with an angle 90° 

(b) The ray emerges from the same face of its incidence. 

(c) The ray suffers total internal reflection twice inside the prism. 
(d) The ray emerges by an angle 30° 


e In the opposite figure: 

Trace the path of the incident light ray till it emerges Water 
from the prism, where the critical angle of the prism’s 

material with air is 42° and the absolute refractive 

index of water is 1.33. 


e T iT “By 
Questions that measure } Answered in detail ill 


Choose the correct answer : 


o The opposite figure shows a light ray falling on one 
of the faces of an isosceles triangular prism which is 
made of a material of refractive index 1.5, then the 
angle of deviation of the ray equals 


(а) 14.749 (b) 22.44° (c) 32.44* (d) 502° 


e9 Which of the following angles in an equilateral triangular prism of material refractive 
` index of 1.5 could have possible values of 0° or 90°? 
(а) The deviation angle (a). (b) The second angle of incidence (0). 
(© The angle of refraction (Ө). (d) The angle of emergence (0,). 


ө A triangular glass prism abc, whose face ab is silvered, has ап 
apex angle of 30° as in the figure. If a light ray falls at an angle of 
45° on face ac, the ray gets refracted inside the prism then it gets 
reflected on the silvered face and retraces its path, so the refractive 
index of the prism equals ............. . 


et on 
of of 


176 


» Questions on Chapter 2 | Lesson Four ? 


A triangular prism has an apex angle 60? and refractive index үз, so the minimum angle 
of incidence of a ray on one of the faces of the prism that makes the ray emerge from 


the other face of the prism is 


(8) 32.32° () 37.37° (€) 42,42° (8) 46.46° 


In the opposite figure, if the red laser source is required to 
be changed with a blue laser source, yet the light ray is still 
wanted to emerge tangent to the face of the prism, what 
should be done to the angle of incidence $9? 


(a) It should be increased. 
. (5) It should be decreased. 
(©) It shouldn't be changed. 


(d) The answer is indeterminable. 


O The opposite figure represents a triangular 
prism (xyz) placed on a rotatable disk in which 
a laser light ray is incident on face xy and N 
emerges tangent to face xz, so when the disk 
is rotated slightly in the clockwise direction, 


the laser light ray at face xz will ............. О 


(а) emerge with an angle smaller than 90° 
(b) emerge tangent to face yz 
(с) undergo total internal reflection inside the prism 


(d) emerge normal to face xz 


(QT : (م‎ o / الکتاب الآساسی )/ ۲ث‎ clu فیزیاء‎ alegi 


Prisms disperse 


Sunlight into га 


| colors? o rainbow 


Chapter Minimum Deviation in 
Lesson Five a Triangular Prism and Thin Prism 


>> The 


mum angle of deviation in the triangular prism 


© The opposite figure represents the incidence of a light ray laser TU 
perpendicularly on face ab of a triangular prism abc that is ` 
placed on a rotatable disk, so if the disk has been rotated 
to increase the angle of incidence of the light ray (,), then 
measuring the angle of emergence from face be multiple 


= 


times and after that calculating the angle of deviation (0) 
each time from the relation: AN 
а=ф,+0,-А i 


"Then, when plotting a graph of deviation angle (0) versus the first angle of incidence (фу) 
for the light ray, we find that: 


At a small angle of incidence (¢, ), the angle of deviation 
(0) will be large and as the first angle of incidence (фу) 
increases, the angle of deviation (0) decreases. 


| Ata certain angle of incidence (,), the angle of deviation 
e reaches its minimum value (a), hence in this case the 
|. prism becomes in the minimum deviation position. 


| By increasing the first angle of incidence (ф,) above 
© its value at the minimum deviation position, the angle 
| of deviation (0) increases again. 
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s It was found that at minimum deviation position: 


| The angle of emergence (8,) = The first angle of incidence (ф) = Ф, 


The second angle of incidence (ф,) = The angle of refraction (Ө,) zh 6, | 


Calculating the refractive index of the prism's material at the minimum 
deviation position 


N 


When the triangular prism is being in the minimum deviation position, then: - 


$70, 76, | 6, =, =9, 
X=, +0,-A | Vv A=0 +0 
a, =2 b, -A | A-28, 
T AT | 9,4 
Applying Snell's law: | 
Tiam sin $,7 D зт) 9, 


So, if the medium surrounding the prism is: 
— 


Air Another medium 
other than air 
2 Ж sin 6, П зт sin Ф 
prism ^ sin Ө, ТТ 
a +A 
sin ( o ) . (+A 
" 2 Prism 51105 


Ops =~. 7A) 
sin ($) 


thi nd angle of incid i 
» prn мрн н lence (ф,) and the angle of refraction (0,) 


© The first angle of refraction (Ө) and the second angle of incidence (ф,) are related by 
the relation: 
Az0,*0, 
~ $,2A-8, 


| 
= 1 


Since, the apex angle (A) is constant for the same prism, so as Ө, increases, ф, decreases 
and the relation between them (Ө, 3 $) can be represented as follows: 


І 0, =0, =0 , =4 
__ — The light ray falls perpendicular to the face of the prism 
$,79 OEE 


° The prism is at the minimum deviation position 


$,20,-0 » OFA 
The light ray emerges perp perpendicularly from the prism’s face / 


СЛ s 


2 


The factors on which the angle of minimum deviation (a, ) depends in a triangular prism: 


Hu The apex angle of the prism (A) : 


The apex angle of x The minimum angle 
4 Increases, 
As the prism (A) жила А of deviation (o. ) Increases 


The refractive index of the prism's material for the used light (n) : 


The refractive index of the prism's ini 
Р З р ) у ав ee ў) Increases 


material for the used light (n) of deviation (о) 


The wavelength of the used light (A) : 
The wavelength of \ The minimum angle 
D 3 
the used light (А) ) RINT) of deviation (o. ) Increáses 


- Note: — 


* In the minimum deviation position, the light ray inside the triangular prism will be parallel 
to the base if the prism is: 


o Equilateral oO Isosceles | 
(for the two sides through which the ray enters | 
and emerges) 
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J Test yourself. 
Choose the correct answer: Crm 


In which of the following cases the prism is in the minimum deviation position? | 


A triangular prism is made of a material whose refractive index is 21 having an apex 
angle that equals 60°, calculate: 

(a) The minimum angle of deviation in the prism. 

(5) The angle of incidence and the angle of emergence at minimum deviation. 


Solution 


Q +A ‚ (® +60 
sin ( 3 ) sin (57 ) 
د2 ‚ در‎ 
sin (4) sin ( e ) 
a +60) 42 
9 =— 
sin ( 2 ) = 2 
a, + 60 
a F 45° Г о =30° 
O +A 30460 
= = ган LAE. o 
(b) $, = ر0‎ 76,2 — = 5% as 
What the light ray falls on the prism with an angle greater than the angle that has been 
8 
| df calculated in the example, what happens to the deviation angle of the ray? 


A triangular prism has an apex angle of 60°. If the first angle of incidence equals double 
the angle of refraction at the minimum deviation of a red light ray through that prism, 
calculate the minimum angle of deviation. 


умт 


1 


Solution 
А = 60° $,720, „=? 
When the triangular prism is in the minimum deviation position: 
a +A A 
dom з 9,77 
$,728, 
a +A A 
o 
2 -2(2) 
a *A-2A 
л 0=2А-А=А= 60° 


What ablue light ray falls on the prism instead of the red ray, what will happen to 
| if the value of the angle of minimum deviation through the same prism? 


The opposite graph represents the relation between the angle 
of deviation (a) for a light ray passing through a triangular 
prism and the first angle of incidence (ф,) on the face of the 
prism, calculate; 

(a) The apex angle of the prism. 

(b) The refractive index of the prism. 

(c) The angle of emergence from the prism at point x. 


Solution 


(a) Point x represents the position of minimum deviation in the prism: 
a+ A 
ds 
5 A226,-0, 
-(2x45)-30 
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The opposite figure represents the path of a light ray through 

a triangular prism, so the refractive index of the prism’s material 

equals х 

@ү2 ®15 O13 @133 
Solution 

From the figure, we find: 

$, = 90-30 = 60° 

9,= 90 – 30 = 60° 


“>, =8, 
-. The prism is in the minimum deviation position. 


2. The correct choice is (c). 


What 
if 


$ Test yourself —. ——— Qy 


The opposite graph depicts the relation 
between the second angle of incidence 
СЯ] and the angle of refraction (Ө) in 
a triangular prism of refractive index 1.5 

| Calculate the angle of minimum deviation. 


the prism has a greater apex angle and the incident ray falls with the same angle 
on its face, what will happen to the deviation angle of the ray? 


9, (degree) 


10 20 30 40 50 60 


a Could a light ray fall on a triangular prism two times with two different angles of 
"incidence and deviate in both times with the same angle of deviation (0)? 


E] Choose the correct answer 
The angle with which a light ray is incident on the face of a prism that has an apex 


| angle of 60? and a material's index of refraction of (3 so that it passes through the prism 
| with the minimum possible angle of deviation equals .............. 


(а) 30° (Б) 45° (c) 60° (d) 75° 


183 


UNIT == 


{| Dispersion of light by the triangular prism 


Visible (white) light consists of a range of wavelengths that extends nearly from 400 nm to 


700 nm, hence if a beam of white light falls on a triangular prism in the minimum deviation 
position, it emerges from the prism separated into a spectrum of colors that can be assigned 
to seven colors of spectrum which can be listed as their order from the apex to the base of 


the prism as follows: 


eb Orange Yellow Green y Blue > Indigo | Violet > 


Explaining the dispersion of light by a triangular prism: 


As the wavelength (A) of light increases, the index of refraction (n) which this light | 
encounters at entering the prism decreases, hence the angle of deviation (0) of a ray of that 


light through the prism decreases, therefore we find: 


Red light has the least angle of deviation because 
it has the longest wavelength and as (n ос 2 

red light encounters the least value of refractive 
index for the prism and the smallest deviation. 


No Violet light has the largest angle of deviation 
X because it has the shortest wavelength and 

| hence it has the largest refractive index and 

, the largest deviation. 


- The dispersion of light happens distinctly when the prism is set in minimum deviation 
position. | 
| 


- @Itis a triangular prism that is made of a transparent material (like 
glass) and has a very small apex angle that does not exceed 10° 
and it is always in the position of minimum deviation. 


@ 2 (3) 


узше concepts related Deviation angle -~ Angular dispersion Dispersive power | 


to the thin prism 
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BB Deviation angle 
Е Deducing the deviation angle іп the thin prism: 


+: The thin prism is always in the position of minimum deviation when it is surrounded by air. 
.. When the thin prism is surrounded by air, the refractive index (n) of its material can be 
determined from the relation: 


. (Q +A 
Ы sin ( E ) 
TA 
a +A A sin (3) 
S AS = are small angles, then the sine of these angles is approximately equal to their 


angles in radians. 


Notice that the ratio between the angles in radians equals the ratio between them in degrees. 


у о + A=An s %,=A(n-1) 


When the thin prism is put in any other medium other than air, the angle of deviation will be 
determined from the relation: 


The factors on whi 


(when the prism is in air : 


1 The apex angle The refractive index Og 2 
* Ж о, 
of the thin prism ? of the prism material 
“directly proportional” f for the used light 
Aa, ‘a ^a an 
. Slopez ХА =п-1 А Slope = xq =A М 71 " 


(те: الأساسی )/ ۲ث/ تا (م‎ CES) OW „з عاصر‎ Л 


UNIT — 


1 


-N otes: 


(1) a, in the thin prism doesn't depend on the first angle of incidence and it doesn’t exceed 10° 

(2) The angle of deviation in the thin prism depends on the wavelength of the incident light (A). 

(3) When plotting a graph of deviation angle (a,) 
for multiple thin prisms that have equal apex 
angles versus (n — 1), the opposite graph will 
be obtained where: 


51 А9, 
Р CCT 


(n- 1) 


(4) To convert the value of an angle from degrees into radians and vice versa, we use 


the following relation: 


And from the opposite 

table, we find that the sine Uum | 90° | 60° | 30° 10° 4° 1° 
of small angles (sin 0) sin 0 | 1 0387 | 0.5 0.1736 | 0.0698 | 0.017 | 
equals approximately the | [M | 157 | 105 | 0.52 0.1746 | 0.0698 | 0.017 | 


values of these angles in 


radians (Ө): Ө =sin 0 
rad = 
(At small angles) 


A thin prism has an apex angle of 7° and refractive index of 1.5. Calculate the angle 
of deviation of light in the prism. 


Solution 
А=7° n=15 a, =? 
a 2A(n-1) 


-27x(15-1)23.5* 


The opposite graph depicts the relation between the (degree) 
deviation angle (о) of a light ray through multiple 
thin prisms which are made of the same material 
and the apex angle (A) for these prisms, calculate 
the refractive index of the material of which the 
prisms are made. 


Solution 


2. Slope =n —1 =0.5 
Ants 


When a red light ray fell on a thin prism of apex angle A and refractive index п, 
the ray deviated by an angle of 4°. If the prism has been submerged in a liquid of 
refractive index 1.2, the angle of deviation becomes 2° 
Calculate: 
(a) The absolute refractive index of the prism (n). 
(b) The apex angle of the prism (A). 

Solution 


(OJ =4  Migia=12 (щ„=2 n=? A=? 


(a) / Before submerging Tos y. After submerging 
the prism in the liquid _ the prism in the liquid _ 
(0, = A (n- 1) б (Qs AGO -10 
| 5 Паша 
4 =A(n-1) ONE 


i PM wal um 
Р 2-AGg-D © 
By dividing equation (by equation Ө: 
А (п- 1) 
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1 


| (b) By substituting with the value of n in equation (1) Н 


4-2A(15-1) ЗА =8° 


@ Test yourself_ е 4 
J Choose the correct answer: 

[1] A laser beam falls on a thin prism at multiple angles of incidence (Ф). then in which | 
of the following cases does the largest angle of deviation appear? | 


(ao, 2 4* (b)$, 2 5* 
(c) >, 2 6 (d) АП of them have the same deviation angle. 


a The opposite graph represents the relation 
between the angles of deviation (o. ) of a light 
ray and the refractive index (n) for multiple thin 8 
prisms that have equal apex angles (A), so the 
values of x and A are ............... : 


©. (degree) 


x A 3 x 2x ы 
@| 8 8 | 
(b) 1 4 
© 1 8 
CONE | 4 


[2| Angular dispersion 
n Deducing the angular dispersion in thin prism: 


*- The thin prism is always in the 
position of minimum deviation and 
the angle of deviation (о) depends 
on the refractive index (n) of the thin 


[los a (CA 
Red light 


prism for the falling light ray whichin White light 
turn depends on the wavelength (A) 
of the falling light ray. 


Blue light 


-. The angle of deviation (o) of the light ray changes by changing the wavelength (A) of 
the ray, so the thin prism disperses the white light into the visible spectral colors, where 
we can determine: D 


= 
со 
оо 
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© The angle of deviation of 


Ө The angle of deviation of 
the blue (violet) light 


the red light 
(the largest angle of deviation for 


(the least angle of deviation for the colors 
the colors of visible light) 


of visible light) 
From the relation 


(aJ, =A (n, -1) (D | (Q2A(-D © 


.. Where 
(n) is the prism's refractive index for red (ny) is the prism's refractive index for 
light blue light 
nn 2 (о), > (=), 


By subtracting the two previous equations (1) and (2), we get the value of the angle between 
the two emergent rays (blue and red): (Jp - (Jr =A (ny -1)-A (n,— 1) 


(0), - (0,), =A (n, - n.) 
© The value [(,), = (o: ),] is called the angular dispersion between the blue and the red rays. 
The angular dispersion :- 


It is the angle between the extensions of the red and blue rays after their emergence from 


the thin prism. 


бә 


It is the difference between the deviation angles of red and blue lights in the thin prism. 


The factors on which | the angular dispersion depends: 


© The apex angle of Ө The prism's refractive indices 
the prism (A) for both blue and red 
"directly proportional" 


lights (n, — n.) 
(оь = (a)r 


O J 57 9 Alla), = (4J 
Slope = ob or 


Slope = — SF A (n, а) "d 
=n, =A Ы 2 
п-п; 


(Og = (0), = А (n, — n.) 


N ote: 4 


© Yellow light is considered the intermediate between the blue and red lights, so we 
can define: 

The average refractive index (ny): The average angle of deviation (оу: 

It is the refractive index of yellow light (ny. It is the angle of deviation of yellow 

light о), 


m the relation | 
*n [ (о. )„ + (=) 
n=" (a,),= cM ог 


© Each transparent material if shaped as a thin prism has a characteristic dispersive power 
that distinguishes a material from another and it can be defined as follows: 
The dispersive power (o) :- —— - - oy 
It is the ratio of the angular c dispersion between blue арй " lights & to » the ven of deviation Н 
for the yellow light (the average angle of deviation). Ц 


UNIT 


p 
n Deducing the dispersive power: 
v (0, = (0), =A (n, = n) s v (4) =A (ny ~ 1) 
(,),-(@,), A(a,—n) Pes is Ses Re 
2—99 9r. 5 Tr a| a n-1 m+n 
r (ey A(-D y =- 1 


Where: (n,) is the refractive index of the prism for yellow. 

Notice that dispersive power (Q9) is dimensionless 

i.e., has no measuring unit because it is a ratio between two quantities of the same type having 
the same measuring unit. 


The factors on which | the dispersive power of a thin prism depends: 


The prism’s material refractive index only not on the apex angle of the prism nor the light 
angle of incidence on it. 


- N ote: 


| * Arectangular glass block does not 


disperse light because it acts as two 
similar reversed triangular prisms; one 
Colored 


i ы Beim of - coe 
counteracts the dispersion of the other. white light idi 


White spot. 


190 
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A thin prism has an apex angle of 8°, its refractive index for red light is 1.52 and its 
refractive index for blue light is 1.54 . Calculate: 


(a) The angle of deviation for each light color. 
(b) The angular dispersion for the light in the prism. 
(c) The dispersive power of the prism. 


Solution 
А= | [nsis2; (mzis54 (@),=?) (m) =? 


(0),-(4) 5? ‘0,5? 


(а) (“Jp =A (n, =1) = 8 х (1.54 1) =4.32° 
(o). =A (n,- 1) =8 x (1.52- 1) 2 4.16* 
(b) (&y, — (0), = 4.32 - 4.16 = 0.16° 
Another Solution: 
(0) = (9), = A (n = n) = 8 x (1.54 — 1.52) = 0.16" 


DATA 154-152 _ 
== = = 0.038 


‘Wha t a white light ray falls on this prism for one time with an angle of 30° and for 
(if 


another time with an angle of 60°, in which of the two cases is the dispersive 
power in the prism greater? 


Two thin prisms have equal angular dispersions, the first prism is madè of flint glass of 
average refractive index 1.6 and dispersive power 0.036, while the second prism is made 
of crown glass of average refractive index 1.5 and dispersive power 0.028. If the apex 
angle of the second prism is 7°, calculate the apex angle of the first prism. 


UNIT ^ 


$ 


| 


1 


Solution 
(n, =16  (0),-0036 (n)-15 (0,),=0.028 A,=7 А, =? 
Ber pr ae ] =o 1 
> Жа n,-1 Dns ng a, (ly — ) 
- In the first prism: 


(nj), - (n), = (0), (a), -1) = 0.036 x (16-1) =0.0216 


- In the second prism: 


(ny, = (à), = (0) (а, - 1) = 0.028 x (1.5-1) =0014 
77 They have the same angular dispersion: 


+A, (p, -@),) =A, (@),-(),) 
127x001 _ 4 54° 


.. A, x 0.0216 =7 x 0.014 MAILS 0.0216 
Wha t) you are asked to calculate the apex angle of a prism of flint glass that causes 
if the same deviation angle for yellow light as that caused by the second prism, 
“what will be your answer? 


Test yourself —  — 


ü A thin prism has an apex angle of 10°, refractive index for red light 1.52 and for blue 
light 1.58. Calculate the angular dispersion and the dispersive power of the prism. 


Я Choose the correct answer: 
Two thin prisms x and y are made of the same material, the apex angle of prism x is A 


and its dispersive power is @,,, so if the apex angle of prism y is 1.5 A, its dispersive 


power iS ................ 


Y 
29. p ы Т 
@> b)@, (20, ($30, 
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> From the previous, we can compare between the normal prism and the thin prism 


as follows: 
E The normal prism 1 The thin prism 
apex 
poe Large (more than 10°) Small (less than 10°) 
angle (A) 
The А j 
3 = ےو‎ 9 Pune А a +A 
Seats “sin O,  sinó, > 
index (n) ч Ы 
| The angle a =A (n - 1) 
of deviation a=, +0,-A Always at the minimum deviation 
(a) angle 
One of the positions at which the- ways in the position of minimum 
The triangular prism can be set in which viation where the angle of 
minimum its refractive index is given by: leviation is determined from 
deviation sin (% + S) | the relation: 
position کک‎ a, = A(n-1) 
sin (4) 
- Spectral dispersion of light into its 
components of wavelengths. 
А NP Dispersion of light into its 
bi «Ais exctiectng pristy in some components of wavelengths 
optical devices such as i i 
periscope and binocular. 
€ J 
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Minimum Deviation in помал | 
videas of how lf 
solve questions 


a Triangular Prism and use he App 
Thin Prism 


Chapter 


Questions on Lesson Five 


GPS 
The questions signed by XÉ are answered in detail. | @ Understand OApply _ @ Analyze 8m 
Multiple choice questions | | 


Interactive te 


Triangular prism at minimum deviation 


© When the prism is being in the minimum deviation position, the refractive index of 


* the prism is determined from the relation; ............. 
sin (x. +A) 
sin ¢ == 5, sin ¢ с 1 
a 1 x 2 Yn 1 Da sin A 
n= in Ө, ()n- sinA On = ne, On =n a 
2 


Ө * If the deviation angle for a light ray that passes through an equilateral triangular prism 
© in the minimum deviation position is 30°, then: 


(i) The angle of incidence of the ray on the prism face equals ............. . 


(a) 30° (b) 45° (с) 60° (d) 90° 
(ii) The emergence angle of the ray from the prism equals ............. . 
(a) 90° (b) 60° (с) 45° (d) 30° 


3] Æ The opposite graph shows the relation between the angle of 
^ deviation (œ) and the first angle of incidence (Ф) for a light 
ray on one of the faces of a triangular prism, so: 


(i) The apex angle of the prism equals 
(а) 30° (b)45* 
(с) 60° d) 90° 


(ii) The absolute refractive index of the prism material equals ............. А 

15 O12 ©133 @{з 
(iii) The emergence angle of the ray at the position x equals .... 
@)30° 637° (с) 45° (d) 75° 


o Ж A triangular prism has an apex angle of 60° and a refractive index of 2, ,then | 
? the angle of deviation and the angle of incidence at the minimum deviation position 

respectively are 2 

(а) 30°, 45° (b) 45°, 30° (€) 60°, 45° (d) 45°, 60° 
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Tf a light гау is incident оп an equilateral triangular prism and undergoes the minimum 
deviation, the second angle of incidence inside the prism equals ............. . 


(a) 30° (Ъ) 45° ©) 60° 


d) 90° 


о ЗЕ A light ray is incident on an equilateral triangular prism, if the angle of incidence = 
The angle of emergence = 40°, then: 


(i) The angle of deviation of the light ray equals ............. . 


(a) 20° (b) 40° ©) 60° (d) 80° 
(ii) The refractive index of the prism's material equals ............. . 
(а) 1.1 (b) 1.15 ©) 1.29 d) 1.53 


e Æ A glass prism in which a light ray has deviated with an angle that equals its first 
angle of incidence that equals 60° has an apex angle of 60°, so the refractive index 
of the prism's material equals ............. n 
m1 1 
22 -= 013 d)— 
g g 4 
) A light ray is incident with an angle ¢, on one of the faces of an equilateral triangular 
prism, hence it gets refracted by an angle of 30°, what happens to the deviation angle 
of the light ray (œ) when increasing or decreasing the angle of incidence (0,) by 5°? 


Increasing 6, | Decreasing $i 
a Deviation increases Deviation decreases 
(b) Deviation increases Deviation increases 
(с) | Deviation decreases | Deviation decreases 
(d) Deviation decreases | Deviation increases 


© The ratio between the refractive index of the material of a triangular prism for violet light 


and the refractive index of the material of the same prism for red light (em) is. 
red 


а greater than one b) less than one © equal to one d indeterminable 


| 


[10] On increasing the wavelength of the incident light ray on one of the faces of a triangular 
* 
prism in minimum deviation position, the minimum deviation angle ......... ile. 


{3 increases b decreases 


(©) doesn't change J cannot be determined 


oN 


1 © Understand OApply @Analyze 


© If a narrow beam of white light falls on one of the faces of a triangular prism in 
^ the minimum deviation position, which of the following figures shows how this beam 
of light disperses? 


Violet Red 


iolet 


Ф The opposite figure represents the dispersion etree HERE à white 
T light by a glass prism, so the light rays x, y and z 
might have the colors of ............. 3 
x Y z 


© Blue Yellow Red 
(b Red Blue Yellow 
© Red Yellow Blue 
(OD | Yellow Red Blue 


ть opposite graph shows the relation between the second angle 


Q 
of incidence (Ф) and the first angle of refraction (0, ) of a light 60° : 
ray falling into a triangular prism. If the angle of minimum 
deviation is 30°, so: 30° M 
(i) The refractive index of the prism equals ............. r > á 8, 


a2 (5)148 


O13 @155 


м< х 
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(ii) The angle of emergence of ће light ray from the prism when it is іп the minimum 


deviation position equals ............. А 


(a) 15° Б) 30° ©) 45° (2) 60° 


© The opposite graph represents the relation between ф, 
" the second angle of incidence @,) and the first a 
angle of refraction (Ө |) when a light ray passes 
through an equilateral triangular prism, so the 


position of minimum deviation is represented by 


8 


point 3552. < 


@a (bb ©c \Ч both a and c 


© What is the possible value of the angle of 
E deviation for the light ray that passes through 
the prism shown in the opposite figure if the 
minimum angle of deviation through that prism 
is 45°? 


(а) 22.5? (b) 30° c)459 d) 50° 


Ф The opposite figure shows a triangular prism where a light ray 


falls on its face at an angle ф, and emerges from the other face 


t an angle 0,, so the ratio Î equal 

al angie » so the o in 8, pals .....,...,... . 

Gl (Б) 1 o1 
G3 51 OF 


On the opposite figure, to set the prism in the minimum 
deviation position, we have to ............. P 
G) increase the angle of incidence (Фф) 


(6) direct the light ray normal onto the face of the prism 


(©) increase ће angle of incidence (Ф) 


(d) direct the light ray tangent onto the face of the prism 


нтә 


Ф 


Ф 
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Æ The opposite figure shows a light ray falling 
on one of the faces of a triangular prism at an 
angle Q,. if a= 6 and $, z15 ф,, then: 

(i) The apex angle of the prism equals ............. . 


(а) 20° (b) 60° 

(c) 80° (d; 100° 

(ii) The first angle of incidence (0) equals ............. A 

(a) 20° (b) 40° (©) 60° (d) 80° 
(iii) The refractive index of the prism equals ............. . 

(a) 1.05 (b) 1.14 (С) 1.35 (d) 1.53 


Æ A triangular prism has an apex angle that equals 1.5 a, where d. is the minimum 


^ deviation angle for the prism while the prism becomes in minimum deviation position 


when a light ray falls on one of its faces with an angle of incidence of 50°, hence the 
refractive index of the prism equals ............. . 
(@) 1.25 (b) 1.42 (€) 1.53 (d) 1.73 


Ж If the opposite figure shows the deviation of a light ray 
through a prism of refractive index їз, SO ete Я 


The first angle | The angle 
of incidence (0) | of deviation (0) 
5 30° 30° 
® 30° 60° 
© 60° 30° 
@ 60° 60° 


Æ The opposite figure shows an isosceles triangular prism, 
having an apex angle of 45° and made of a transparent material. 
If a light ray falls on one of its faces at an angle of 30° and gets ~~._ TEN 


40° — 


equals ............. . s 


(а)15° Ъ)30° с) 45° @ 60° 


refracted inside the prism parallel to the base, then: 


(i) The angle of emergence of the light ray from the prism 


» Questions on Chapter 2 | Lesson Five a 
LJ 


(ii) The angle of deviation of the light ray еи маа; 
(a) 60° 

(с) 30° 

(iii) The refractive index of the prism equals .. 

@ 122 

(с) 131 


е Ж The apex angle of a triangular prism is 60° and its refractive index is 1.5. If it’s 
© submerged in a liquid whose refractive index is 1.3, then: 
(i) The minimum angle of deviation will equal ............. . 
(a) 8.46? ©) 9.64? 


(©) 10.22 (@ 35.1° 

(ii) The first angle of incidence in the position of minimum deviation will equal ............. . 
(a) 34.3? (b) 35.1" 

(€) 47.5° (d) 60° 


Thin prism 

e A thin prism has an apex angle of 5? and refractive index of 1.6, so the deviation angle of 

° light through it equals ............ 
(а) 3° 


(с) 6° K 


e If the angle of deviation of a light ray in a thin prism equals its apex angle, the refractive 
? index of the prism equals . 


01 


2 А © of @{2 


© 


© Æ The opposite figure represents the variation 
of the angle of deviation (a. ) for a light ray in 
different thin prisms having equal apex angles 
versus the refractive index (n) for the materials 
of these prisms, then the apex angle of the prisms 


equals ............. 3 
(a) 4° (b) 5* 
(с) 6° @ 7° 


— 
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Æ The opposite graph depicts the relation ыызы 


between the angle of deviation of light (a) in 

different thin prisms that are made of the same 
material and the apex angle (A) for each 

of them, so the refractive index of the prism’s 

material equals ............. . 

@12 b)2 


O12 D15 


A(degree) 


3% Two thin prisms are placed inverted to each other such that one of them cancels the | 
deviation which is initiated by the other. The apex of the first prism equals 8° and its | 
refractive index is 1.5. If the apex angle of the second prism is 6°, then its refractive 

index iS <s... . | 


(a) 1.08 b)1.125 c) 1.67 02.22 


D, Ж Thin prism of apex angle 10? and refractive index of its material 1.6 is submerged in 


a liquid of refractive index 1.25, then the deviation angle of a light ray through the prism | 


(a) 2.5? b)2.8* ©)3.5° @e 


prism surrounded by air, so when this prism is submerged in water, the angle of deviation 
of the light ray through it becomes ............. y 
aja b) greater than œ ©) less than œ (d) zero 


| 
A light ray deviates from its path with an angle œ when it passes through a glass thin | 


Ж A thin prism has an apex angle 8^, a refractive index 1.4 for red light and 1.6 for blue 


light, then the average angle of deviation for light through it equals --- 
а) 16° (b) 12° ©) 8° @4 


A thin prism has an apex angle of 6°. If its refractive index for blue light is 1.65 and for 
red light is 1.6, so the angular dispersion between blue light and red light through the 


prism equals -------.-. « 


@0.1° 5)0.2° 203° 4)0.5° 


» Questions on Chapter 2 | Lesson Five a 
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e A thin prism with an apex angle of 10? is made of a material of refractive index for red 


light 1.5 and for yellow light 1.55, so the dispersive power of the prism equals ............. . 


adl 10. 2. (з) 22. 
043 5) 33 Oy $57 


e If the sum of the refractive indices of blue and red light of a thin prism is 3.1 and 
° the difference between them is 0.1, so the dispersive power of the prism їз. 


(a) 11 (5)02 (©)0.18 (d)0.14 


Ж A white light falls on the face of a thin glass prism whose apex angle is 8°, the 
refractive index of its material for blue and red lights are 1.7 and 1.5 respectively, then: 
(i) The deviation angles of the red and blue rays equal з. 


The deviation angle | The deviation angle 
of the red ray | of the blue ray 
IB a2 13.6° 
(Б 12° 56 
c 4? 5.6° 
4° ] 13.6° 
(ii) The angular dispersion of light in the prism equals зз 
(a) 25.6° (b) 13.6° (d) 1.6° 
(iii) The dispersive power of the prism equals --- 
(2)0.08 (b) 0.125 00.33 ($3.2 


Ж If you have two thin prisms, the refractive indices for red light and blue light in 
the first prism are 1.48 and 1.56 respectively and for the second one are 1.63, 1.69 
respectively, so the ratio between the dispersive power of the first prism and that of 


۵ 
the second prism a ЗБ J 
oH "$14 @ 22 @ 13 
SU 13 b) T1 OE. @# 
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| Second | Essay questions 


o0 What happens when a beam of white light falls on a triangular prism adjusted in 
* 


the minimum deviation position? 


UNIT — 


© Explain the following statements: 
" (1) In the same triangular prism the angle of minimum deviation changes by the change 
of the wavelength of the passing light through it. 
(2) When white light falls on a triangular prism, the deviation of the violet light will be 
greater than that of the red light. 
(3) Triangular prisms disperse white light while the transparent cuboid slabs don't. | 


© What are the factors on which the following quantities depend? 
^ (1) The minimum angle of deviation in a triangular prism. 
(2) The angle of deviation in the thin prism. 
(3) The angular dispersion of light in a thin prism. 
(4) The dispersive power (Og) of a thin prism. 


o What is the quantity that point (x) represents in each of the following graphs? 
. 
a 


(a) The relation between the angle of deviation (0) of 
a light ray in a triangular prism and the first angle of 
incidence (0,) for the light ray on one of the faces of 
the prism. 


(b) The relation between the second angle of incidence 


(0,) for a ray falling on a prism and the first angle of x 
refraction (0). 
6. 


(c) The relation between the angle of deviation (a) in 


а 
different thin prisms that have equal apex angles 
and the refractive indices (n) for them. 
7 n 
-X ^ 


> Questions on Chapter? | Lesson Five 2 
e 


Questions that measure 


Choose the correct answer : 


[1 The opposite figure shows the path of a light ray that was 
` being incident with an angle of 50° on a triangular prism of 
a material refractive index n, then if the prism is submerged 
in a liquid of refractive index 0.9 n and the light ray is set to 
be incident on the same face with the same angle, the angle 
of deviation of the гау ............. « 


(a) will increase b; will decrease 
(©) might increase or decrease d) won't change 
©. If three light rays (1), (2) and (3) are incident on a 


a triangular prism with angles of incidence x, y 
and z respectively such that the relation between 
the deviation angle (0) and the angle of incidence 
(0) is as shown in the opposite graph, so the angle 
of emergence of ray (1) compared to the angle of 


emergence of each of ............. Я 


Кау (2) | Кау (3) 

(а) greater smaller 
b) greater $ greater 

€) smaller smaller 

d) smaller greater 


© Two thin prisms have the same angular dispersion, one of them is made of crown glass, has 
` ап apex angle of 6.25°, an average refractive index 1.5 and a dispersive power of 0.048. If 
the other is made of flint glass where it has an apex angle of 10° and dispersive power of 
0.024, then the average refractive index of the second prism material equals --.---.--.- 
a) 2.93 Ъ)2.62 ©)1.625 (d) 1.125 


Answer the following questions : 


o A monochromatic light ray falls on one of the faces of triangular prism and emerges tangent 
` to the opposite face, what happens to the angle of deviation (0) of the light ray if the ray 
is rotated gradually towards the base of the prism such that the first angle of incidence 
increases? Show that with a graph representing the relation between the deviation angle and 


the first angle of incidence. 


"M | 


| First | Choose the correct answer (1 ; 15) 


Q The opposite figure represents the falling of ÁN 
white light on a glass triangular prism to emerge ^ 
from the prism spread out in a series of colors, ANS Red light 
what is the name of this phenomenon? ‘= Violet light 
Light division (b) Light dispersion 
(c) Light reflection (d) Light diffraction 


ө In which phenomenon; refraction or diffraction, does the wavelength of the used light 
remain unchanged? 
(a) Refraction only 
(b) Diffraction only 
(©) Both refraction and diffraction. 
(d) Neither refraction nor diffraction. 


©, The opposite graph depicts the relation between 
sine of the angle of incidence (sin ф) of a light ray 
in a transparent medium and sine of the angle 
of refraction (sin 0) of the ray in another medium 
when the ray travels between them. 
If the wavelength of the light ray in the first 
medium was 700 nm, the wavelength of the ray 
in the second medium equals <... . 
(a) 550 nm (b) 500 nm 
(©) 450 nm 09400 nm 


ө А thin prism has an apex angle that equals double the angle of deviation of a light ray that 
passes through the prism, so the refractive index of the prism equals ---------- ` 


OLA (15 ot ($135 . 


202 


» Test on Chapter Two a 
е 
e In Young's double-slit experiment, if the distance between the centers of the fourth dark 
fringe and the central fringe is x, then the distance between the centers of central fringe 


and the first bright fringe equals ---------- . 


x —- X ох 
54 935 o3 


O A light ray falls on mirror A as shown in the opposite figure, 
then its angle of incidence on mirror B equals ---------- : 
(2)0* 
(b) 30° 
(с) 45° 
(a) 60° 


9 A student carries out Young's double-slit experiment by using a monochromatic red light, 
so an interference pattern appears on the screen with certain dimensions, so to get the same 
interference pattern using the same double-slit but using a monochromatic blue light the 
student has to -++--++ - 

(a) increase the distance between the two slits 

(5) increase the distance between the light source and the double slit 
(€) increase the distance between the screen and the double slit 

(d) decrease the distance between the screen and the double slit 


© A light ray falls in air at an angle of incidence 0° on one of the faces of a triangular prism 
whose apex angle is 45°. If the ray emerges tangentially from the opposite face, then the 


speed of light in the prism equals ---------- - (c 23 х 108 m/s) 
(® 1.96 x 108 m/s 152.08 x 108 m/s 
(6)2.12 x 108 m/s (8)2.41 x 108 m/s 


© Which of the following figures represents correctly the path of a light ray that is incident 
from air and passes through a cuboid glass slab? 


1 


Ф A light ray is incident оп one of the faces of an equilateral triangular prism getting 
refracted parallel to the base and emerging with an angle 60°, so the first angle of 
incidence (фу) of the ray equals <i: + 
(@) 30° 045° 60° d) 90° 


UNIT — 


®© A white light ray gets incident on a thin prism of dispersive power Op: When the angle of 
incidence of the light ray increases, the dispersive power =- . | 
(a) decreases (b) increases 
(©) remains unchanged J) the answer is indeterminable | 


Ф A light ray traverses perpendicularly a glass slide of refractive index (n) during a time (t). 
If the speed of light in air is (c), then the slide thickness iS <... ` 


(8) net zt cct d) et 
2 х 
® The opposite figure shows two different prisms which А 
ene 
are made of the same material of refractive index 1.5 90 
If a light ray falls perpendicular on face xy, it will 
emerge perpendicularly from face + E у 460° 60° z 
(a) xz ° 715° a 
(b) ac 
(c) bc 
(d)ab 45° 
[147 In the opposite graph, which of the shown Фф, b 
points represents the state in which a light ray (The eo) 
inside the prism! 
that gets incident from air on one of the faces 
of a triangular prism and emerges perpendicularly x 
from the opposite face? y 
(a) Point x 
(b) Point y zs 
(c) Point z t 


(The first angle of refraction) 


(d) None of them 


«E ) The opposite figure shows a light ray falling on a plane mirror at 
an angle of incidence 20°. If the mirror is rotated in clockwise 
direction by an angle of 20° about an axis perpendicular to the page 


at the point of incidence, the angle of reflection ---------- - 


(a) increases by 20° (b) decreases by 10° 
(c) increases by 40° d) decreases by 40° 


> Test on Chapter Two a 


° 
| Second | Answer the following questions ( 


© If you have two different transparent materials A and B and you want to make a double 
layer optical fiber. Which of the two materials will be used for the core and which of 
them for the external layer? Explain your answer. 
(Knowing that: the refractive index of B is greater than that of A) 


8) 


© A light ray fell with a small angle of incidence on one of the faces of an equilateral 
triangular prism and emerged from the opposite face with a certain angle of deviation, 
what would happen to the angle of deviation if the prism was rotated slowly in such 
away that the incident ray gets closer to the base of the prism? 


© When putting a blue light source in the center of a glass cube which was surrounded by 
white screens facing its lateral faces, a circular light spot appeared on each of 
the screens, explain what happened. 


Chapters 1 & 2 


Choose the correct answer 


o If the ratio between the frequency of the sound of the voices of a man to that of a girl is т 
, the ratio between the speeds of their sounds respectively in air equals ---------- . 


9. 7. 
at 93 e$ at 


© The opposite figure shows a load vibrating with an average speed : 
of 4 cm/s, so the frequency of the vibration equals ---------- ` 


@6 Hz ®3 Hz 
clu (3) 2-Hz 


ө The figure shows а double-slit experiment where 
P and Q are the slits. If the path lengths PX and QX 
are nA and (n + 2)À respectively, where n is an integer 
number, À is the wavelength and the order of the central 
fringe is zero, what is formed at X? 
(а) First bright fringe. (Ð First dark fringe. 
(©) Second bright fringe. (d) Second dark fringe. 


o In Young's experiment, a monochromatic light is used to 
illuminate the two slits A and B. Interference fringes are 
observed on a screen placed in front of the slits. Now if 
a thin glass plate is placed vertically in the path of the 
beam coming from slit A, what would happen to the fringes? 
(а) The fringes disappear. (b) Their width increases. 
(©) Their width decreases. (O) Their pattern shifts. 


a | 


Gif the critical angle from a medium to vacuum is 30°, the speed of light in the medium 
(Where: c = 3 x 10 m/s) 


is 
(8)3 x 10° m/s (b) 1.5 x 10° m/s 
©6 x 108 m/s @Y3 x 108 mis 


» Accumulative Test on Chapters One & Two 2 
. 


[4] In a Young's double-slit experiment, the fringe width that is obtained when conducting 
` the experiment in air equals 0.4 mm. If the whole apparatus is immersed in water of 
refractive index i without disturbing the geometrical arrangement of the apparatus, 

the new fringe width will be -- 


(a) 0.3 mm (b) 0.4 mm £10.53 mm d) 450 microns 


o The frequency of a tuning fork is 384 vibrations per second and the speed of sound in air 
is 352 m/s. How far the sound has travelled as the fork completes 36 vibrations? 


(D3 m (E) 13m 323m @33m 


© A light ray falls оп one of the faces of a thin prism of an apex angle 9° refractive index 
for the blue light 1.664 and refractive index for the red light 1.644, then the dispersive 
power for this prism equals ---------- р 
(a) 0,05 (b) 0.04 ©) 0.03 (9 0.02 


© А гау of light passes through four transparent media 
with refractive indices HL, , Н, 4, and р, as shown in 
the figure. The surfaces of all media are parallel. If 
the emergent ray CD is parallel to the incident ray AB, 
the correct relation is === 


DICES b) Hy = Hy 2 =, d щ=щ 
Ф The opposite graph represents the relation between d, 
the second angle of incidence (ф,) and the first refraction 20° 
angle (0,) when the light ray passes through a triangular 
prism, If the critical angle of the prism is 41.8°, then 10° 
the minimum deviation angle of the incident light ray is -== - 
(a) 8.43° (b) 10.2° iP a m 
(©) 15.46? (d) 20.25° 


Ф A sound wave of frequency 330 Hz propagates in cold air with а speed of 330 m/s. When 
it transfers to hot air, its wavelength increases by 2 %, then the wave speed in the hot air 
equals «+++ T 
(а) 316.8 m/s (b) 323.4 m/s (€) 330 m/s d) 336.6 m/s 


(127 A tuning fork makes 480 vibrations per second leading to producing a wave of 
| wavelength А in air, if another tuning fork makes 120 vibrations per second which 
produces a wave of wavelength А, іп air, so А, БЕ 


X zn = “a 
@ Oy ©2a (d) 4a, 


QN e) Ner Г الاساسی)/‎ obs) CW oss ja nag JT 


UNIT == 


1 


© The ratio between the angle of deviation of blue light in a triangular prism at minimum 
angle of deviation and the angle of deviation of red light respectively is «<. . 


(® greater than one (Б) less than one (©) equal to one (d) indeterminable 


[14] A light ray falls from air on the surface of a transparent medium at an angle 50°, so 
part of the ray reflects and another part refracts where the confined angle between 
the reflected and the refracted rays is 100°, then the critical angle for the transparent 
material with air is ---------- . 


(836.8 b) 40.75° ©) 42.68° d) 45.54? 


© When a light ray falls perpendicularly on the boundary surface between two media, 
then 


@o= 


= 90° (b)o=0=0° (©)o>0 @o<0 


Answer the following questions 


© A tower clock makes a signal of light with a whistle every 1 hour. A man at 8 km from 
the tower sets his watch by the light signal of the tower. Another man sets his watch by 
the sound of the whistle. If the two watches of both men have a time difference 3 seconds, 
calculate the distance between the man who sets his watch by the whistle and the tower 
and find which of their watches is more accurate? 
(Knowing that: speed of sound in air = 360 m/s, speed of light in ai 


3 x 108 m/s) 


«& The opposite figure shows the path a light ray through a 
triangular prism. Calculate the value of angle (|) by which 
the light ray falls on one of the faces of the prism, thus it 
emerges from the prism tangent to the opposite face. 


[15] What happens to the resolution of the interference fringes when using red light instead of 
blue light in the double-slit experiment? 


CHAPTER 


Hydrodynamics. 


Hydrodynamics 
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Test on Chapter 4. 


Accumulative Test on Chapters 1 , 2 & 4. 


By the end of this Chapter, the student should be able to: 


» Distinguish between the steady flow * Carry out some activities to explore 
and turbulent flow. the viscosity concept. 
* Mention the characteristics of * Explain viscosity. 
streamlines. 
* Know the concept of viscosity 
* Mention the conditions of steady flow coefficient and its measuring unit. 
of a liquid. 


* Explain some applications of viscosity. 


* Define the rate of flow. 
* Acquire the skills of solving problems 


* Deduce the continuity equation. on laws mentioned in this chapter. 


* Explain some applications of the 
continuity equation. 


V How © 


do you think 
fuel dispensers 
calculate the amount 
of fuel that is pum d 
into a car. tank? g 


Chapt А 
Bio ug Fluid Flow 
Lesson One 


>> The states of matter 


You have studied in the previous years that matter can be found in one of three states: 


Its molecules are tightly Its molecules are close Its molecules are separated 
packed (the spaces together with no regular by relatively large spaces 
between them are very arrangement and they can with no regular arrangement 
small) and they are locked move and slide past each and they move freely at high 
into their places in a regular other, so a liquid doesn't have speeds, so a gas doesn't have 
pattern, so a solid has a dn wea and it takes te сар but it tokes 
тргу the shape of its container, so the shape of its container, so 
it is called a . it is called a 
ы 
21 


\ 


Р | / 


те Eh 


| Examples Examples Examples 
Y 
| Wood Water А 
апа and | Chlorine E. 


glass oil Bas 


» Chapter 4 | Lesson One 


2 From the previous, a fluid can be defined as follows: 
A fluid: ----------- 


It is a material that can flow and has no definite shape, like 
liquids and gases. 


Fluid 
Tn this chapter, we will study only two of the properties of the moving fluids which are: 


Flow + + Viscosity - 


And in this lesson, we will study the flow of liquids in some detail, 


The flow of liquids is classified into two types: 


D Steady flow D Turbulent flow | 
Е Steady flow 


When a liquid moves such that its adjacent layers slide smoothly over each other, 
we describe this motion as a laminar flow or a streamline (steady) flow, where 
every small amount of the liquid follows a continuous imaginary path called streamline. 


Е Characteristics of streamlines: J 


1. They are imaginary lines that do not intersect. 


Unit area 


2. The number of streamlines at any cross-section 


of the tube is constant. 
3, The direction of the instantaneous velocity Liquid 
(v) of a small amount of a liquid at a certain molecules 


point along a streamline is determined by 
the tangent of that streamline at that point. 
4, The flow speed of a liquid at a point is determined by the density of streamlines at that 
point, so the speed of fluid flow increases by increasing the density of streamlines at that 
point and decreases by decreasing the density of streamlines, 
Density of streamlines at a point : - 
It is estimated by the number of streamlines that pass V7, 
perpendicularly through a unit area surrounding that point. 


Streamline flaw 


22 
W condos of ny n 


1, The speed of the liquid at one given point along the path of the liquid remains constant 
and does not change as time passes. 

2. The flow is irrotational , i.e. there is no vortex motion. 

3.No frictional forces exist between the layers of the liquid. 

4, The flow rate of the liquid should be constant along its path because the liquid is 
incompressible and its density does not change with distance or time. 

5. The liquid fills the tube completely such that the amount of liquid (volume and mass) that 
enters the tube at one end equals the amount of liquid that emerges from the other end in 
the same time interval according to the law of mass conservation. 


The opposite figure shows a liquid flowing steadily 
in a tube from one terminal to the other, so the 
ratio of the numbers of streamlines through the 
cross-sections x : y 2215 .......... x 
25124 (B1:2:4 
©2:4:1 @1:1:1 
Solution 
In the steady flow, the number of streamlines through any cross-section of the tube 


remains constant. 
2. The correct choice is (d). 


ю> 


| What you are asked to determine, at which of the three cross-sections X,Y orz, 
ы if the density of the streamlines is higher, what will be your answer? 


q Test yourself 


The opposite figure shows a liquid flowing steadily | 
from terminal x to terminal y in a tube, determine if x = y 
the following statement is true and explain your answer: 

The speed of the liquid at terminal x = The speed of the liquid at terminal y 


» Chapter 4 | Lesson One . 


[row rte Deu 
It is the mass of a unit volume of the 
4 м 3 
© Consider a quantity of volume V, material. It is measured in kg/m” and 
ы ж . calculated from the relation: 
and mass m of a liquid of density p то. 
ү” 
flowing through a cross-sectional ol 


area of a tube A at velocity v, where 
it covers a distance Ax in time At as 


in the figure, then: 


ج 
Ax‏ 
(Volume Пон rate (Q) + ( Mass flow rate (Qu) |‏ 
Concept ,‏ . 
The volume of liquid that flows steadily | The mass of liquid that flows steadily‏ 
through a definite cross-section of | through a definite cross-section of‏ 
a tube in one second. | a tube in one second.‏ 
„DE EES‏ 
Уш = AAx | 7mzpVa-pAAx‏ > 
У i‏ 
к ас ak | 0 = рд 2‏ 
TQS at A i “Qn =r = PA ae‏ 


m/s | kg/s 


AV, 
کے‎ es | .Am. 
p! Slope = APO Q, i Slope = ALT Qn 


3 From the previous, we conclude that: 


When the liquid flows steadily across a tube, the flow rate (volume or mass) will 
be constant at any cross-section of the tube. 


(QA (م‎ М [Ээх ГА CES) لغات‎ „з alegi 
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Deducing the continuity equation (the relation between the liquid flow speed and 
the cross-sectional area of the tube) : 


© Assume two different cross-sections of a tube that contains a liquid of density p, flowing 
steadily as in the following figure: 


А 
A2 


——M X 


Ах, 
In the first cross-section (A) З "In the second cross-section (А) ۱ 
The volume flow rate 
О, = Ауу | Q, = Азу, 
The hit flow rate 
Qin = PAY | Qin = PA; 


+ The liquid flows steadily. 
2. The flow rate (volume or mass) is constant at any cross-section of the tube. 


7. PAV, =pA,v, MASA, 


> 


у 
Y 7 T , this relation is called the continuity equation. 
1 


А = пт? , where r is the radius of the tube cross-section. 


" 2 2 
Й و‎ ' Р i 
E = E 7 , where d is the diameter of the tube cross-section. 
Т. 
1 1 


> From the previous, we can conclude that : 
The speed of a liquid that is flowing steadily in a tube at any point is inversely 
proportional to the cross-sectional area of the tube (as well as the square of the radius of 
the tube and also the square of its diameter) at that point. 
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ў When the liquid flows steadily in a tube that branches into a number of branches of: 


ا تت يهم ج 


Different cross-sectional areas The same cross-sectional area 
Ay | 
V. 
A, В 
Аз 
№ 
A4 
Va 
AY = Aa + Азу +Ад | Avo nÁ,y, 
: k 7 А | (where п is the number of branches) 
Tj Vj 715 V5 +13 V4 * T, V, i gy Za 
ТЫ nee Oe 
2. uo. 2 2 
di Vi 7d) V3 di V3 + d; v, v, 2nd) v, 


(1) When a liquid flows steadily in a tube of non-uniform cross-sectional area, we can 
represent the graphical relation between: 


( Speed of the liquid (у) and reciprocal i 1 ‘Speed of the liquid (v) and reciprocal of | 


1 of the cross-sectional area (2) | square of the cross-sectional radius (4) | 


As follows 
a pes 


Av 


Slope = =Q 
1 v 
АС 
(2) When opening multiple taps together to fill a container with a liquid such that 


the flow rate of the liquid from each tap is (Q); 3 (О). (QJ then the total 
flow rate (Q) of filling the container is calculated from the relation: 


Q, = (Q2, + (Q) + (Q0, 


S— 


UNIT === 


2 


(3) When a liquid flows steadily in a tube, then at any cross-section of the tube; 


Q, (Volume flow rate) | 
zu — M 


@ -" 3 ы 

© S = T © 
mv Ол Vol m 

p t Pt 


(4) When a liquid flows in a tube with two different cross-sectional areas; 


[то compare the liquid flow at both cross-sections 
| | 
Аууу © Азу 


L 
09), © (о, 


(О, © Qu) ry, (5) 127, 


Life applications of continuity equation : 


1. The flow of blood in blood capillaries: 
The speed of blood flow is faster in the main artery than 
that in blood capillaries because the sum of cross-sectional 
areas of the blood capillaries is greater than the cross- 
sectional area of the main artery, so the speed of blood 
flow decreases in the blood capillaries where 


(v ос +). Blood flow is slower in the blood capillaries to allow gases TEM (oxygen 
and carbon dioxide) with the tissues and supply them with nutrients. 


2. The design of gas burners holes: 
The holes of the gas burners in the stoves 
are designed to be small so that the gas 
rushes out with high speed (v ec i) to 
control the direction of flames. 


3. The design of the nozzle of the fire hose: 
The fire hose is designed to end with 
a narrow nozzle so that water rushes 
out with high speed to reach far places 
quicker. 
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Water flows from a water tap in the rate of 0.5 kg/s, so the time required to fill 
a container of volume 2 п using this tap İS ............ 
(Where: P nte, = 1000 Квіт?) 


@ 103s ®4 x 10's (0105 @4x 10's 


Solution 


у. The correct choice is (b). 


| و‎ the water flow rate from the tap is 0.5 liter/s, will this change the time required to 
fill the container? 


The opposite figure shows a water container of volume V,, which can 
be filled using two water taps x and y such that if only tap: x is used, b. E 


the container takes 15 minutes to be filled but if only tap y is used, 
the container takes 30 minutes to be filled, then the time required to 
fill the container by using the two taps x and y together is ........... ч 


(8) 5 minutes (b) 10 minutes 
(c) 15 minutes (d) 45 minutes 
Solution 


+: The volume (М ‘op Of the container is constant. 


Oy We OPUS LS IR a 
Ugo p ust 30 O 
x xx 
~<. tz 10 minutes 
^. The correct choice is (b). 
a third tap z is used which individually fills the container in 10 minutes, so what is 
the required time to fill the container using the three taps together? 


A liquid flows steadily in a tube as in the opposite 2X. А 
figure. If the cross-sectional areas оў х, y, z are x 
A,A, 2A respectively and the liquid speeds at ^а 

the cross-sections x, у are v, 2 v respectively, z 

then the liquid speed at z equals ........... a y^ 


2AV, = Av € 2Av 
2v,23v 
3 


LEM 


2. The correct choice is (c). 


A water pipe of diameter 2 cm in which water flows with a speed of 0.1 mls. The pipe 
enters a house, where its diameter becomes 1 cm. Given that the density of water is 
1000 kglm? , calculate: 


(a) The speed of water in the pipe inside the house. 
(b) The volume and the mass of the water that flows every minute through any cross- 
section of the pipe. 


Solution 
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(a) d v, =45 v5 
QY x 0.1 = 1 x v, 
v = 04 m/s 
(b) V, = Q, t= Ate т2у 
= x (} x2 x 10)? хол x 60 
= 1.89 x 10? m? 
m = pV, = 1000 x 1.89 x 10° = 1.89 kg 


The average speed of blood in one of the arteries of an adult person is 0.33 mls. If the 
radius of that artery is 0.7 cm and it distributes blood to 30 smaller arteries each of 
radius 0.35 cm, then the average blood speed inside these small arteries equals ........... . 
(2)0.011 m/s (5) 0.022 m/s (с) 0.033 m/s (d) 0.044 m/s 


Solution 


(0.7) x 0.33 = 30 x (0.35) x v, 
„у= 0.044 m/s 
2. The correct choice is (d). 


| A tube of radius 5 cm ends with a stopper having 
3 holes of radii 0.5 ст, 1 cm and 2.5 ст. 
If the speeds of water when emerging out from 
the three holes are 2 mls, 0.8 mis and 0.3 m/s 
respectively as in the opposite figure, calculate: 
(a) The speed of water in the main tube. 


(b) The volume of the flowing water in the main tube during half a minute. 


N 
N 
oO 


UNIT === 


2 


Solution 


(a) - AY, =A,v, +Азу, +Ayy, 


уре +0 Ve, 
(5)? x v, = ((0.5) x 2) + (1? x 0.8) + (0.52 x 03) 


v, = 0.127 m/s 
(b) Va = (Q), t=A,v t= ту 


= 2 x (5 x 10) x 0.127 x 30 = 0.03 m? 


@ Test yourself سڪ‎ э 


ү; п Water flows inside a tube of radius 2 cm with a speed of 1 m/s. Calculate each 
of the volume flow rate and the mass flow rate for the water in the tube. 


(Given that : Water density = 1000 kg/m?) 


E Choose the correct answer: 

(1) Water flows steadily inside a horizontal tube with a speed v. If the tube diameter 
decreases to the quarter of its initial value, then the flow speed of water in the 
narrow part equals .......... . 

(a) i v (b E v (04v @ 16v 
(2) A liquid flows steadily in a tube of radius г with a speed v. The tube branches into | 


five smaller tubes each of radius 0.2 r, then the liquid speed in any of the branches | 
equals .......... . 


@02v ®v (2v (5v 
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(3) A liquid flows steadily in a tube 

of different cross-sectional areas, 
the opposite graph represents the 
relation between the flow speed (v) 
of a liquid at a certain point inside a 
tube and the reciprocal of the cross- 
sectional area (x) of the tube at 
that point, then the volume flow rate 


1  (m-? 
AXI (m Y| 


02 04 06 08 1 


of the liquid equals .......... б 
@) 1074 m3/s 

(Б) 1073 m/s 

(c) 1m3/s 


(© 10 m/s 


[2] Turbulent flow 


© The turbulent flow is characterized by the presence 
of small eddy currents forming vortices as in к==ж = 
the figure. SS 
© The steady flow of a fluid becomes Eddy currents 
turbulent when: 


$ 


- The speed of the fluid exceeds a certain limit. 


- A gas transfers from a small space to a wider ) 
space or from high pressure to low pressure. 


Turbulent flow of the smoke 
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| First | Multiple choice questions 
Interactive fı 


In steady flow of liquids, the ratio between the number of streamlines passing in 
the wide part of a tube to that in the narrow part of the same tube is - 


(a) greater than one (b) less than one (c) equal toone (d) indeterminable 


(a) increases b) decreases 


(c) vanishes d) remains unchanged 


©) The continuity equation of liquid flow can be deduced from the law of conservation 
Раат 
(a) mass (b) energy c) momentum (d) density 


) The number of streamlines of a liquid which passes perpendicularly through a unit area 
surrounding a certain point indicates =- 
(а) the liquid speed at that point b) the volume flow rate 


(с) the mass flow rate d) the liquid density 


© If the cross-sectional area of a tube in which a liquid flows steadily gets increased to 


* the double, then the volume flow rate -+--+ 


(4) increases to the double b) decreases to its half 
(c) remains constant d) decreases to its quarter 
[67 In the opposite figure, а liquid flows steadily in a tube, so y 
* the physical quantity which is greater at cross-section x than A 
at cross-section y is ----------- 
a) the liquid speed x 
b) the volume of the flowing liquid in unit time EN 


¢) the mass of the flowing liquid in unit time 


d) the number of the streamlines through the cross-section 
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The ratio between the mass flow rate and the volume flow rate for a liquid that flows 
* steadily equals ----------- 

(4) the cross-sectional area of the tube Ъ the time of liquid flow 

c; the speed of liquid flow d the liquid density 


Ж A liquid of density 1000 kg/m? flows steadily inside a tube of cross-sectional area 
0.5 m? with a flow rate of 10 kg/s, then the flow speed of the liquid through the tube is 
equal to e-+ 

8) 200 m/s b) 50 m/s c. 0.02 m/s d) 0.05 m/s 


Æ Water flows steadily in a tube of diameter 2 cm at a speed of 5 m/s. Thus; 


(i) The volume of water which is flowing through the cross-section of the tube in one 


minute equals з. (Where: m= 3.14) 
129.42 m (6) 0.19 m? ©) 0.0942 m (0.001 m? 

(ii) The time required to fill a tank of volume 20 m? by using the flowing water from 

the tube is -= 

3: 127.38 minutes /b. 212.31 minutes 13.54 minutes (41 2.123 minutes 


Ф Ж A water pipe has cross-sectional area 4 cm? at the ground floor and 2 cm? at the upper 


^ floor. If water is flowing steadily inside the pipe such that its speed at the ground floor 
was 2 m/s, then: (Given that : Water density = 1000 kg/m3) 
(i) The water flow speed at the upper floor is -++ 
(a) 1 m/s b 2 m/s © 3m/s d'4 m/s 
(ii) The volume flow rate of water at the ground floor equals «==. 
(3)4 x 107* m/s (06x10? m/s (18 х 107 т2/5 (d) 12 x 10-4 m/s 
| (iii) The mass flow rate of water at the upper floor equals -.......... 
(4) 1.2 kg/s b) 0.8 kg/s ©) 0.6 kg/s d) 0.4 kg/s 


| - 
| Ф Water is rushing through a pump opening of cross-sectional area 5 cm? at a speed of 


| © 12 m/s. The mass of water coming out from the pump within 30 minutes is =... 
(Given that: Density of water = 1000 kg/m?) 
(8) 18.2 x 10° kg (b) 15.1 x 10? kg ©108x 10°kg 08.6 x 10? kg 


Ф Æ Water flows through a hose of diameter 1.2 cm at a speed of 3 m/s. If the speed of the 
“water that comes out of the nozzle is 27 m/s, then the diameter of the nozzle of the hose 


(a)0.2 cm (b) 0.4 cm £10.6 cm di 0.8 cm 
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& Water flows steadily through a tube XY such that its speed and its mass flow ies at 
^ cross-section X are v, Qn respectively. If the water speed at cross-section Y i is Y 2" 
then its mass flow rate is equal to - 


3 E. „©, 
@2Q, БО Ои OR 


Ф The graph that represents the continuity equation for liquids flow is 


KEK kb 


(© ) 


(d) 


Ж A liquid flows steadily in a tube of radius г at a speed of 4 m/s if the radius of the tube 
increases to reach 2 r at its end, then the emergence speed of the liquid out of the tube 
(2)1 m/s (b) 2 m/s 


(с)4 m/s (d) 8 m/s 


3K Oil flows through a cross-section of tube x at a rate of 6 liters/minute and gets out 
from another tube y which is connected to the first tube x at a speed of 4 m/s, if the oil 
flows steadily through the two tubes, then the cross-sectional area of the second tube y 
©)2.5 x 105 m? 


(2) 1.5 x 10? m? b) 1.5m? (d) 0.025 m? 


Ф Ж Water flows steadily in a tube of cross-sectional area 10? m2, if the volume of water 
? which is coming out from the tube within 30 minutes is 18 т, then «s+ 


Î Volume flow rate (m/s) Speed of water flow (m/s) \ 
@ оо E 
® 001 600 
© 06 — 10 
(à) 0.6 600 


© If the cross-sectional area of a tube has increased to the double in steady flow, then 
. 

the flow speed ----------- 

(a) gets doubled (b) decreases to half its value 


(c) gets quadrupled 


(d) remains constant 
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© If the ratio between the radii of two cross-sections of a tube in steady flow is 


° then the ratio between the speeds of the liquid through them respectively is ----------- 


®t c2 d 4 
b) 5 OF (d) 


Ж The opposite graph illustrates 
the relation between the liquid flow 
speed (v) at a point in a tube and the 
reciprocal of the cross-sectional area 
of the tube (i) at that point, then: 


(i) The volume flow rate equals 


) 40 m/s (Б)4 т?з x10? тт?) 
(©) 0.4 m/s @ 0.004 m/s 

(ii) The mass of the flowing liquid within 30 minutes if the liquid density is 1000 kg/m? 
equals <... 

(@) 120 kg (Б) 1200 kg (©) 7200 kg (0572 x 10° kg 


® Ж An oil pump pumps 1.2 т? of oil within 60 s ina cylindrical tank of diameter 4 m and 
? height 3 m. If the oil density is 820 kg/m, then: 
(i) The mass flow rate of the oil from the pump opening equals <... 
(a) 0.02 kg/s (b) 5.2 kg/s (c) 164 kg/s (d) 18.4 kg/s 
(ii) The time required to fill the tank with oil is =-=- 


(а) 27.21 minutes (b) 31.43 minutes (С) 42.43 minutes (d) 51.54 minutes 
Ж Two liquids A, B have densities in a ratio of ( Raw = th Vom?) 
B 


each flows steadily in a different tube. 
The opposite graph represents the relation between 
the liquid volume (Мы) that flows through 


a cross-section of each tube and the flow time (t), 


then the ratio between the mass flow rates of the two 


liquids Geax "t ) 


* i " 
(а) = (b) 


equals -+++ 


(о) 
AIH 


UNIT == 
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Two liquids x, y flow steadily in two different tubes of the 
same cross-sectional area with two different speeds 1.25 v, 

v respectively. The opposite graph represents the relation 
between the mass (m) of the liquid which flows through the 
cross-section of each tube and the flow time (t), then the ratio 


x 


between the densities of the two liquids (55) equals эзе зе. 
у 


i DF 933 


Two liquids A, B flow steadily in two similar tubes, where 
the relation between their mass flow rate (О) and their 
volume flow rate (Q.) is represented graphically as in the 


opposite figure, then ratio between their densities (Pa) 
B 


3 


OL. С o2 
2 OE 91 


The opposite graph represents the relation between 
the volume flow rate (Q.) and the mass flow rate (Q » 
for each of three liquids x, y, z where each flows steadily 


in a different tube, so 2 


(dp, <р, <р, 


The opposite graph represents the relation between the Voi(m3) 
volume (Vy) of a liquid that flows steadily in a uniform 
tube and the flow time (t), so if the flow speed of the 
liquid is 0.9 m/s, then the radius of the tube equals --- 


(03 т (0.5 m 
(009 m 412 т 

(277 In the opposite figure, the tubes (А) апа (В) are different E s) 

^ in cross-sectional area and ће volume flow rate of the Ё © 

liquid inside each of them is 0.3 m/s. The two tubes meet ) z 
to open in the tube (C) as in the figure, then the volume E] 
flow rate in the tube (C) is ----------. (B) 
(20.1 m/s (020.3 m?/s (с)0.6 т? 0.9 m/s 
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2 
© In the opposite figure, the speeds of the steady flow of ya 
water at x and z are 8 m/s and 4 m/s respectively, then x 
its speed at y is = - 6cm? ( " 
AC 4, 
@ 16 m/s (6) 12 m/s ©8 m/s Dóms ` 


A tube of radius r branches into a number of tubes, each of radius 0.04 r. If the flow speed 
of the liquid in any of these tubes is five times its speed in the main tube, then the number 
of the small tubes is =-=- 

(а)5 (b) 125 c. 140 (d) 150 


© Ж Blood flows through an artery with an average speed of 0.24 m/s. If the artery 
branches into 120 smaller arteries each of diameter that is i of the big one, then 
the flow speed of blood in every small artery equals ----------- 
@ 8 x 10? m/s (b) 0.08 m/s (c) 0.032 m/s d 0.3 m/s 


Ж The opposite figure shows a steady flow 2A 


of water in a tube. If v, = Y» then the speed n= Mo. 4А 


of water (v,) equals +++ END = E 
(3) v. Б) vi 


1 A 
(92v, 
Ж The following table shows the data c 
|. * which describes the flow of water in mA 
the opposite figure: (Take = 3.14) B اا‎ 
("Fad D e 
Section Radius (cm) Flow speed (m/s) 
A 30 2 E 
B 20 Vg 
С 15 3 
D 10 Yo 
js E 5 15 
Then: 
(i) The volume flow rate at (A) equals ----------- 
(35 0.2826 m/s (5) 0.5652 m/s €) 1.884 m/s (d) 5.652 m/s 
(ii) The flow speed of water at cross-section B equals ----------- 
(a) 1.3 m/s (b; 2.5 m/s c) 4.5 m/s d) 5.6 m/s 
(iii) The flow speed of water at cross-section D equals ----------- 
(a) 1.56 m/s b. 7.5 m/s c; 10 m/s (d) 12.5 m/s 


N 
[2] 
= 


є 
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| Second | Essay questions 


o The opposite figure shows a liquid that flows steadily A 
^ ina tube, determine which of the following ratios is ET. B 

greater than, less than or equal to one: | — amm 

(n) The ratio between the streamlines density at cross- 
section A and the streamlines density at cross-section B. 

(b) The ratio between the volume flow rate at cross-section A and the volume flow rate at 
cross-section B. 

(c) The ratio between the mass flow rate at cross-section A and the mass flow rate at 
cross-section B. 

(d) The ratio between the speed of liquid flow at cross-section A and the speed of liquid 


flow at cross-section B. 


© Explain the following statements: 

(1) Streamlines in steady flow become crowded at the cross-section of high liquid speeds. 

(2) In steady flow, the liquid flow rate is always constant at any cross-section of 
the tube. 

(3) In steady flow, the liquid flow is slow at the wider cross-section of the tube and fast 
at the narrower cross-section of the tube. 

(4) The cross-sectional area of the water column flowing from the nozzle of a hose 
decreases when it is directed downwards and increases when it is directed upwards. 


(5) The openings of the gas stove are made small. 


e In October War, the Egyptian Army used water pumps to rush water through hoses with 
narrow nozzles to open paths in Bar Lev Line, why do you think the hose nozzles should 


be narrow? 


o What are the results of the following (mention the reason if possible): 
LJ 
(1) A main artery is ended by a large number of blood capillaries concerning blood speed? 
(2) The end of a tube tapers to a narrow opening concerning the speed of the steady flow 


of the liquid? 


N 
I 
N 


» Questions on Chapter 4 | Lesson One 2 
е 


( kj me re 7 
Questions that measure een 


Choose the correct answer : 


A water tank takes 10 minutes to be filled using three water taps together, takes 
20 minutes when using the first water tap only and an hour when using the second water 
tap only, then the time required to fill the tank using the third water tap only is === 


(а) 10 minutes (b) 20 minutes © 30 minutes (d) 60 minutes 


(© The opposite figure shows a tube that has different 
I branches through which water flows steadily. If 
the volume flow rates at branches A, B, C, Eand F 
are 6 cm/s, 3 cm/s, 5 cm/s, 4 cm/s and 3 cm/s 


respectively, then ·--------. - 


(б Direction of water | Volume flow rate ) 
flow in branch D of water at D 
el into Toms 7 
(b) into 15 cm/s 
(c) out of 7 cm?/s 
Q out of 15 cm/s 


233 
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l 
; ha used in car A 
gines as lubric; 
| а 
| rather than water? 
~ — 2 
Chapter 


Lesson Two 


| Liquids are characterized by general properties from which is the friction between the liquid 
layers during its flow. This friction produces a force that resists the sliding of the liquid layers 
above each other when it flows. This property is known as viscosity, where the concept of 
viscosity can be clarified through the following activities: 


Suspend two identical funnels on two holders and put a beaker below each of them as 
shown in the following diagrams. 

Pour a volume of alcohol in one of them and pour an equal volume of glycerin in 

the other and observe the flow of the two liquids from the funnels to the beakers. 


Alcohol Glycerin ^ 
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Alcohol Glycerin 


‘Observation : 


You will notice that the flow rate of glycerin is less than the flow rate of alcohol. 
i.e, The flow ability of glycerin is less than that of alcohol. 


(Conclusion: 
The viscosity of glycerin is higher than that of alcohol. 


| Activity 2 
Steps: 
1. Fill two beakers one with water and the other with glycerin. 


| 2. Drop two small similar metal balls carefully, one in each of them from the same height. 
| 3. Record the time taken by each ball to reach the bottom of the beaker. 


—+- Water 


Glycerin | — 


Observation: 
- You will notice that the ball moves faster in water than in glycerin and reaches 
the bottom of water before the other ball reaches the bottom of glycerin. 


i.e. Glycerin resists the motion of the ball more than water. 


Conclusion: 
The viscosity of glycerin is higher than that of water. 


Honey 


servations: 


1. You will notice that the spoon moves harder in honey than in water. 


2. The motion of honey stops after removing the spoon within a short time interval while 
water continue to move for a longer time interval. 


i.e. The resistance of honey to the motion of bodies inside it is greater than that of water. 


onclusion: 
The viscosity of honey is higher than that of water. 


> From the previous, we conclude that: 
The higher viscous liquid: 
1. shows higher resistance to its own motion and its flow. 
2. shows higher resistance to the motion of bodies through it. 
Viscosity can be defined as follows; 


Viscosity - 
It is the property that causes a resistance or a friction between the liquid layers 


preventing them from sliding smoothly above each other. i 


В Explaining the concept of viscosity : 


There are two types of attraction forces between the molecules of matter: 
1. Cohesive forces: 
Attraction forces between the molecules of the same substance like the attraction forces 
between the honey molecules. 
2. Adhesive forces: 
Attraction forces between the molecules of a substance and the molecules of another 
substance like the adhesive forces between the molecules of a drop of water and glass. 
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© Imagine a quantity of fluid confined between two parallel plates, one of them is static and 
the other moves with a velocity v as shown in the figure. 


The layer which is adjacent to The remaining layers 


between the two plates 
the same velocity of the plate (v). / Moving plate —» are moving with 
P ج‎ Y | velocities that increases 
У 
ГЕ АГЕ. gradually from zero at 
the fixed plate to v at 


the moving plate. ) 


the moving plate is moving with 


2 / Fixed plate 


The layer which is adjacent to 
the fixed plate is static. 


This happens due to: 

1. The presence of friction between each plate and the adjacent layer of liquid that results 
from the adhesive forces between the molecules of the solid plate and the molecules of 
the adjacent liquid layer, so the speed of every layer is equal to that of its adjacent plate. 

2. The existence of another force between each liquid layer and the layer below it which 
resists the sliding of the liquid layers above each other causing a relative change in 
velocity between each layer and the adjacent layer. 


This type of flow is called the laminar flow or viscous flow. 


|? educing the viscosity coefficient 


© Suppose two layers of a liquid separated by a perpendicular Upper layer 


distance d, then a tangential force (F) acts on the upper ER aC AA 
v 


layer of the liquid that has an area A causing a difference in 


velocity between the two liquid layers of magnitude v, hence d 


in order to make the moving layer of the liquid keep moving E Uv 
with a constant velocity, the tangential force that acts on the 
Lower layer 


upper layer has to be equal to the frictional forces between the 


layers of the liquid (force of viscosity) where this force is: 


UNIT === 


2 


Directly proportional to the Directly proportional to the Inversely proportional to 
area of the moving layer ^ velocity difference between the perpendicular distance — | 
(Е.А) the two layers between the two layers | 


(F œ v) (8 1) | 


d 


| 2Р, | 
TE 


„. Fo АУ *. F = constant x АУ 
d d 
a. Av B _ Fd 
F= Nys T Nys = AV 


Where: n, is the viscosity coefficient that can be defined as: 
Viscosity coefficient: 
It equals numerically the tangential force that acts upon a unit area of a liquid causing 
a velocity difference of one unit between two layers separated by a perpendicular distance 


of one unit. j 
r 
Th R Ti is Г kg/m.s 
е measuring U | Nahia | that is | Ог. | 
unit of x | equivalent to J.s/m? 
The factors affecting | the viscosity coefficient : 
o "ot e 
ae Temperature of the liquid (The liquid viscosity 
туре atthe liquid decreases as its temperature increases) 
Examples 
At temperature 20°C: Viscosity coefficient of water at temperature: 


x = 20° >? 2 
nm = 10? N/m? > t= 20°C => n,,= 107 N.s/m 


af je. m -3 2 
P (1,,) усана = 1.5 N.s/m? mt=100°C = п, =0.28 х 107 N.s/m 


P (Ny dnoney = 10 N.s/m 


—_ 
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The factors affecting | the force of viscosity : 


Area of the moving layer. Difference of velocity between 
F two layers of the liquid. F 
“Directly proportional” 


AF 
Slope = "Ag x ПЫ а 


“Directly proportional” 


AF v 
Slope = KAS na 


n ae. 
The perpendicular distance 

between the two layers. 

“Inversely proportional" р 


AF 


Viscosity coefficient | 
for many different | 
liquids or one liquid | 
at different temperatures. F | 


“Directly proportional" = E 
€ й She (Ly e 
= AF „АУ d 
Slope Ñ 4 


vs 


In the opposite figure a ship moves in a still water 
lake, so the water speed is less at point 


(2x (y 
©» @к 
Solution 


The speed of the water layer decreases as we get closer to 
the static layer at the bottom of the lake. 

2. The lowest speed of water is at point К. 

2. The correct choice is (d). 


A plane surface of area 0.5 m? moves at a uniform velocity of 2 mls parallel to another 
static surface that is separated from it by a layer of liquid of thickness 4 cm, if the 
viscosity coefficient of the liquid is 1.5 kg/m.s, then the force required to keep the 
surface moving with this uniform velocity is 

@375N (b) 50N ©675N @ 150N 


2. The correct choice is (a). 


the temperature of the liquid is increased, does the force required to keep the 
uniform velocity of the plate which is mentioned in the example increase or 
decrease? 


The following figures show two plane plates x, y each of them is placed above a layer of 
a liquid. If the force that acts on plate x = The force that acts on plate y, then the ratio 
between the coefficient of viscosity of the liquid below plate x and that below plate y 


vy=4 m/s 


®t 


Solution 


Q0, AY reska _ 10 


"GU, YA osx2x2 1 
~. The correct choice is (c). 
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The opposite figure shows three horizontal parallel 
plates a, b and c which are placed in a liquid of viscosity 
coefficient 0.8 kglm.s. The two plates a, c are fixed 
while plate b is free to move and its area equals 4 cm’. 
If plate b is at a distance from one plate twice the 
distance to the other, then the required force to 
move plate b with a constant velocity of 5 mls equals ................ 

@27x104N ®12x103N 

©0.12N @ 0.03 N 


Plate b is affected by resistance forces of the liquid from above and below: 


Fy = „+ КЬ 
d, = dy, + d, 
6=2 4. + he 
dj, = 2cm 
dj, = 6-2=4cm 
Fy =F + Fy 
Ts Ab Yb X Tys Av Yo 
уча а 
ab cb 

1 1 
=A, %(g-+g_) 

ab eb 
=0.8x4x 104x 5 (— + )=012N 
. 4x10 2x10 


2. The correct choice is (c). 


Wh plate b was in the mid-distance between the plates a, c and moving with 
the same velocity, will the required tangential force to move the plate 
with the same previous uniform velocity change? 


| )۴١ : ت۱ (م‎ [Sy /) LI OLS) فیریاء لغات‎ раа Л 


1. Lubrication of machines. 

* Machines should be lubricated from time to time, 
to decrease the heat produced due to friction and 
to protect the machine parts from corrosion and 
increase its efficiency. 

Highly viscous oils are used due to their strong 
adhesive forces with the machine parts, since 
they do not seep away or sputter from the 


machine parts during motion. 


Note : کے‎ 


» Water cannot be used in lubrication because it has low viscosity, so it seeps away from 
the machine parts due to the weak adhesive force with the machine parts. 


2. Saving fuel consumption in moving vehicles. 
* The rate of fuel consuming in a moving vehicle 
depends on: 

1. Motion of the vehicle with an acceleration 
(changing velocity). 

2. Friction forces with: 
- The road. 
- Air (air resistance to the motion of the vehicle). 


When the vehicle moves in a uniform velocity (acceleration = zero), so if this 


velocity is: 
Low or medium Higher than a certain limit 
The air resistance due to air viscosity | The air resistance due to air viscosity 
is directly proportional to the vehicle | becomes directly proportional to the 
speed, so the fuel consumption becomes | square of the vehicle speed, so the fuel 
in certain rate. consumption becomes much higher. 


So, the expert driver of the vehicle limits the vehicle speed to reduce fuel consumption. 
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3. In medicine, blood precipitation rate test (The terminal velocity of falling of the red 
blood cells in plasma), 


When a ball undergoes a free fall in a liquid, it is affected by three forces: 


- Its weight. 
- Buoyancy (upthrust force) of the liquid. Liquid resistance to Upthrust force 
the motion of the ball of the liquid 
- Friction between the ball and the liquid due to viscosity. 
So, the velocity of the ball increases gradually till 
it attains a constant terminal velocity due to the Pao 


balance of these three forces. The terminal velocity 
increases as the radius of the ball increases, so it can be determined if the volume 
of the red blood cells was normal or not by taking a blood sample and measuring its 
precipitation rate which is proportional to the terminal velocity of the falling red blood 
cells in the plasma, for example: 
„_ When - 
The precipitation rate is greater than The precipitation rate is lower than 
normal | normal 


it indicates that 


Red blood cells adhere together, so their Red blood cells break down, so their 
volume and radius increase. volume and radius decrease. 


so, the terminal velocity of blood cells 


becomes higher becomes lower 


like the case of 


Rheumatic fever | Anemia 


© Enrichment information : 


The normal precipitation rate: 


The normal precipitation rate for the red blood cells ranges between 0 : 22 mm/h for 
men and 0 : 29 mm/h for women. 


UNIT — 


2 


Ç Test yourself. e = 


§ pis it better to design ships with large bottom area or with the smallest possible 


bottom area? Explain your answer. 


E Choose the correct answer: 
(1) A square plate of side length d moves with a uniform velocity of x m/s on the 


surface of a liquid of depth 2 d when it is affected by a tangential force x newton, 


so the viscosity coefficient of the liquid equals .......... Квп! s 
1 d 2 2 
© 2d ® 2 © d @ Ф 


(2) The opposite figure shows a cross-section in 
the Nile River. In this section the river flows 
to the north. At which of the shown points in 
the figure is the greatest flow speed? 

(3) At point A (b) At point B 
© At point C @ At point D 


(3) A plate of area A slides with 
a uniform velocity on the water 


surface in two cases as shown in 


the figures (1), (2), so the ratio 


Е Кы. 
between the forces Gb that are Figure (1) Figure (2) 
2 


required to keep the plate moving in the same velocity in each case equals .. 
1 1 2 4 
@! ol @2 @4 


Towatch © 
Chapter Videos of how to 


solve questions 


Viscosity и 


3 


GPS 


@Analyze Г ds] 
| First | Multiple choice questions Interactive tost 


| «© The resistance of a liquid to the motion of objects inside it is a result of зз E 


Questions on Lesson Two 


The questions signed by Є are answered in detail. | ® Understand 


^ @ the liquid density (b) the liquid viscosity 


| (c) the weight of the liquid 9) the buoyant force of the liquid 


e9 If the speed difference between two liquid layers gets decreased when a tangential force 
is acting on the upper layer, then at the same temperature the viscosity coefficient +--+ . 
(4) vanishes (b) decreases but doesn’t vanish 


| (€) increases d) remains constant 


© When the temperature of a liquid decreases, its viscosity coefficient =- - 


. ^ 
| (a) increases b) decreases 


(€) does not change (d) depends on the type of liquid 


o Which of the following graphs represents the relation 


^ between the force (F) which is required to move plate x 


d ڪڪ‎ 
| with a uniform velocity v on the surface of a liquid parallel | -— 7 
to a static plate y and the speed (v) of plate x? р Aid y 
Static plate 
F F F F 
-v Wey -v v 
© (b с d) 


Ө, When a metallic ball falls through a liquid in a jar, the viscosity force of the liquid which is 


acting on the ball depends on -+--+ + 
(a) the ball radius b) the liquid density 
(с) the ball mass d) the liquid quantity 


UNIT ™ 


2 @Underatans Apply S Analyze 


[6] Ж When a swimmer jumps into water and reaches a certain depth then rise again to 
^ the surface, the force that changes its direction will be ----.----- : 


@ the swimmer weight 


(b) the frictional force between the swimmer and water 
(©) the buoyant force of water that acts on the swimmer 
(d)all of these forces 


9 A metallic ball has fallen once through water and another time through honey. If the average 
' frictional force between the ball and water is F, and between the ball and honey is F,, then 
which of the following statements for F,, F, is correct? 


@F,=F,=0 OF, =F, #0 ©F,>F, @F, <F, 


© During the free fall of a body from the top of a building towards the ground, the frictional 
1 force between the body and air -- В 


(2) decreases (b; increases 


(c) doesn't change (d) decreases then increases 


© If metal ball A takes a time interval t falling from a given 
? height h till it reaches the water surface as shown in the 
opposite figure, so metal ball B will reach the bottom of 


water through a time interval -- 
(a)t, because it covers the same distance 


(b)less than t because the viscosity of water is less than that of air 


(c) greater than t because the viscosity of water is greater than that of air 
(d) greater than t because the weight of the ball is greater in water 


Ф The opposite figure shows two identical metal 
* balls (x, y) falling from the same height into 


two identical jars containing similar volumes of 


oil and water till reaching the bottoms, then the |— Water 


average speed of ball x is 
(а) greater than the average speed of ball y 

(bless than the average speed of ball y 

(©)equal to the average speed of ball y 

(d)equal to its instantaneous speed at the bottom of the jar 


» Questions on Chapter 4 | Lesson Two 2 
е 


Ф A viscous liquid flows steadily іп a cylindrical tube. If the liquid speed along ће tube axis 
^ods v, then the speed of the liquid layer which touches the tube walls equals ---------- + 


@ 2v (pv © T (d) zero 


[127 The opposite figure shows three identical metal 
~ balls, each of them is tied by a thread and placed 


at the bottom of one of three similar cylinders that Н Cold 


water ‘water 


Glycerin 


contain three equal volumes of different liquids. 

Through which of these liquids the ball faces 

a greater resistance when it gets pulled out from 

the liquid with the same uniform speed? 

(а) In the hot water. (b) In the cold water. 


(c) In glycerin. (d) The same force in all cases. 


® The opposite figure shows four windmills 
of identical turbines and blades installed р 
near each other at different heights to ies —- 
be used for generating electricity, so the 
windmill that has the greater potential of 


generating electricity will be ---.------ : 


(a)x (by 


©» @к 


Ф At relatively low or medium speeds of a car, the air resistance due to air viscosity 
$c: 
tgs enter à 
(a) directly proportional to the square of the speed of the car 
directly proportional to the speed of the car 


(c) inversely proportional to the square of the speed of the car 


@ inversely proportional to the speed of the car 


© At high speeds of a car, the air resistance due to air viscosity is - 


(a) directly proportional to the speed of the car 

(b) inversely proportional to the speed of the car 

(c) directly proportional to the square of the speed of the car 
(d) inversely proportional to the square the speed of the car 


N 
A 
N 


= 2 e Understand OApply @Analyze 


© Two cars (x, y) have travelled for the same distance with different speeds of 20 km/h and 


^ 160km/h respectively. If the amount of fuel consumed in car x to cover this distance is Q, 


then the amount of fuel consumed in car y to cover the same distance is =+- + 


(a) equal to Q (b) greater than Q 
©) less than О J) indeterminable 
Ж In the opposite figure, if a tangential force of 10 N 40cm 


acted upon the upper plate to move it at a uniform 
speed of 3 m/s, then the viscosity coefficient of the 


liquid equals «+--+ А 
(900021 Маш? (0048 М№әтй (00075 Мәә? (00208 N.s/m? 


А circular plate of radius 7 cm slides at a uniform speed of 0.1 m/s on a ceramic floor 
covered with a layer of viscous liquid of thickness 2,5 mm and viscosity coefficient 
2.5 N.s/m?, then the tangential force acting on the plate 18 : 

(a) 1.54N (b)132N c)1.24N (d) 1.12N 


Ф А rectangular plate of dimensions 50 ст, 25 cm is affected by a tangential force of 
15 N which moves it at a constant speed of 0.8 m/s on a layer of viscous liquid of 
thickness 9.375 mm, so the viscosity coefficient of the liquid is + . 

(350.42 kg/m.s (b)0.85 kg/m.s (c) 1.41 kg/m.s 272.31 kg/m.s 


& When a tangential force F acts on a plate of area A placed on another static plate where 
Ta layer of liquid of thickness d is in between, the upper plate moves with a uniform 
velocity v. What is the tangential force that makes the upper plate moves with a constant 
velocity 2 v under the same conditions? 


(а)Е D2F 


(б) 
tom 
€ 
ju 


Æ Two plates x, y move on the surface of a 
liquid with constant velocities 22А respectively 
by the effect of constant tangential forces of 


equal magnitudes F as in the opposite figure, 
Y 
then the ratio between the two speeds G9 
y 
equals с р 


8 DEI 


1 


(e 


оо | 
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e 3# A layer of a viscous liquid of thickness 8 cm is put between two parallel horizontal 
plane plates. If the viscosity coefficient of the liquid is 0.8 kg/m.s, then the force required 
to move a thin plate of area 0.5 т? between the two plates, parallel to them with a uniform 
speed of 2 m/s and at a distance of 2 cm from one of them equals =... E 


(8)1333N 5) 26.67 N (2140.52 № (105333 N 


® 3# A layer of thickness x of a liquid of viscosity 0.2 kg/m.s is confined between two 
; plates, one of the plates is static and the other which has an area of 2 cm? is moving with 
a uniform velocity such that it covers a distance 100 x through a time interval of 4 s, so 


the required force to move the plate equals --------- : 


10м bj10?N с)107+ № 30.1 N 


(24) The opposite figure shows a boat pulling a skater to 
“move with a uniform velocity v, if the tangential force 
which is acting on the boat is F, and the tangential force 
which is acting on the skating board is Р, then -+ 


@F,>F, b)F, <F, 


OF, =F, =0 OF =F, #0 


| Second | Essay questions 


o Explain the following statements: 
(1) Aqueous plants grow close to the riverbanks. 
(2) The speed of the sea waves decreases as they get closer to the shore. 
(3) People who are living in high floors feel the wind speed more than those 
who are living in the ground floor. 


(4) As the viscosity of a liquid increases, its resistance to the motion of a solid body 
inside it increases. 


(5) A liquid restores its static condition after a while of stirring it. 
(6) It is hard to swim against the current in the middle of the river. 
(7) Moving an object in water is harder than it is in air. 


(8) It is very important to use oil to lubricate the metallic machines regularly. 


QUY : (م‎ o JOY ر الکتاب الأساسی)/‎ old فیریاء‎ ja gl 


- 
= 2 e Understand O Apple @ Anazo 


(9) Engine oils that are used in summer must be more viscous than those which are used 
in winter. 

(10) Using materials of high viscosity to lubricate the metallic machines. 

(11) Water is not suitable to lubricate the metallic machines. Ma 

(12) The sedimentation rate of red blood cells decreases in anemia patients. | ^ | 

(13) The sedimentation rate of red blood cells increases in rheumatic fever patients. 

(14) Doctors can diagnose some diseases through sedimentation rate test. 


© What are the results of each of the following, give reasons: 
* (1) Increasing the area of a plate that moves with a constant speed in a viscous liquid to 
the double, concerning the required tangential force to move the plate. 
(2) Decreasing the temperature of a liquid, concerning its viscosity. 
(3) Not lubricating the moving machines regularly. 
(4) Exceeding a certain limit for the car speed, concerning the fuel consumption. 


© In which case does the submarine need "wd 
т Nae А " 
a larger force to push it with a certain 
uniform velocity v, under water or while 
floating? 


Questions that measure 


Choose the correct answer: 


o When a small metal ball is dropped from a certain height into the sea, the graph that 
represents correctly the relation between the ball speed (v) inside water and the time (t) 
deem . 

v ¥ v E 
à 


t t t t 
fa^ ^ (c 
©) ® © © 


Answer the following questions: 


© During a Nile cruise from Aswan to Cairo, the ship captain sails the ship in the middle 
of the river stream but during the return from Cairo to Aswan he sails close to the shore. 
How do you explain this? 
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Test on Chapter 4 2 Hydrodynamics 


| First | e the correct answ 


o The opposite figure shows a liquid flowing A 
steadily in a tube, at which section the flow B 
speed of the liquid is higher? 
(a) Section A 
(b) Section B 
(©) Section C 


(d) The speed is the same at the three sections. 


e9 When a person gets infected with rheumatic fever, what happens to the volume of the red 
blood cells and its final velocity during its precipitation in the plasma? 
(а) increases, increases (b) increases, decreases 


© ) decreases, decreases d) decreases, increases 


©, Which of the following graphs represents the variation of the viscosity coefficient My) 
of a liquid versus the change of surface area (A) of the plate for multiple plates that are 


moving with a uniform velocity over the liquid surface? 


Nys Tvs 


A -A 


radius of the hose and the radius of the pipe is 2 „ the ratio between the speed of water 


in the hose to the speed of water in the pipe is 


(©) 
ES 
njw 


@) 4 Б) 2 
وك‎ ъз 


UNIT — 


2 


© The opposite figure shows a liquid flowing steadily A 


В == 

in a tube, SO ++ : x me 2A. 
ё X $ : سار‎ 
(а) the density of streamlines at x is less than at z y 


(b) the speed of the liquid at y is less than at z 2A 
(© the volume flow rate at x is greater than at z 
(d) the speed of the liquid at z equals its speed at y 


Ге] Three taps are used for filling a basin, hence to fill the basin, the first tap alone takes 
an hour and the second alone takes a i hour while the third takes i hour, so the time 
required to fill the basin using the three taps together will Без 

m. D3 fey DL 
(4) > hour (b) 4 hour Or hour 9 + hour 


ө A plate of surface area 0.25 m? slides at a constant speed of 0.6 m/s above a layer 
of a viscous liquid of thickness 5 mm. If the viscosity coefficient of the liquid is 


0.95 N 5/т?, the tangential force that acts on the plate equals ---.------ . 
(2) 14.25 № (6) 21.375 № (6)28.5 № (d) 42.75 № 


Ө Water flows steadily through a horizontal pipe to a narrow section of radius half that of 


the other section, so the mass flow rate through the narrow section +--+ + 


decreases to quarter (b) decreases to half 


increases to quadruple (d) remains constant 


о A drip irrigation system is used to drip water through 1000 identical holes, each of cross- 
sectional area 8 mm’. If the average speed of water flow from each hole is 2 m/s, the 
volume flow rate in the main tube equals ` 
(2)0.08 m/s (20.016 т? (€)0.32 m/s (470.064 m/s 


[10] The opposite figure shows two metal balls A B 
(A, B) falling into two identical cylinders 


containing equal volumes of the same | | 


liquid with different temperatures, which 


of the two balls reaches the bottom of The баща Tre liquid 


the cylinder first? aoc at 90°C 
(@)BallA 
(®© Ball B 
(€ ) The two balls reach the bottom at the same instant 


(d) The two balls will never reach the bottom 
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oO The opposite diagram shows a liquid flowing steadily B 


in a tube. If the volume flow rates in branches В and C A 
аге 0.1 m/s and 0.3 m/s respectively, ће volume flow 

rate at the cross-section A equals ·----:---- . 

@)0.1 m/s (5)0.2 m/s 

(€) 0.3 m/s (d) 0.4 m/s 


Ф А hose has а cross-sectional area 25 cm? at the water source and 5 cm? at its end. If water 
flows steadily in the hose with a speed of 0.4 m/s at the water source, the mass of the 
flowing water through 15 minutes from the hose end equals -........- «ро: 32000 kg/m?) 


(2) 500 kg (b) 900 kg (c) 2000 kg (d) 2500 kg 


B) A liquid flows steadily in a tube that have different cross-sectional areas. Which of 
the following graphs represents the relation between the volume flow rate (Q,) of the 
liquid and the cross-sectional area of the tube (A)? 


Q, Qy 


A 
(a) (b) © (d) 


- 


Ф А cylindrical syringe is attached to a metallic needle of cross-section 0.1 mm? and the 
solution flows through it with a rate of 107% т?.57!. So, the flow speed of the solution through 
the needle is equal to ~- 


(2)0.1 m/s (b)0.4 m/s ©)0.5 m/s (d) 1 m/s 


© In the human body, blood runs from the heart to the aorta which branches out into main 
arteries then into small arteries until reaching the blood capillaries. If the radius of the 
aorta is about 1.2 cm, the blood flow speed inside it is 40 cm/s, the average radius of a blood 
capillary is about 4 x 107* cm and the speed of blood inside it is about 5 x 107 m/s. 
Then the number of blood capillaries which are branched from this artery is equal 
dono mss 


(8) 1.2 x 10? (524 x 10° (€)4.8 x 10? @72 x 10? 


E 
:2 
> 
Answer the following questions 


© Why is it necessary to use a different type of oil for the car engine in summer than that 
in winter? 


Ф What is the effect of the presence of gas bubbles inside a tube that carries a flowing 
liquid (concerning the type of flow)? 


(187 А саг was travelling with high speed оп а desert road when its driver noticed that the fuel 
was about to run out, what is the best strategy to save the fuel until reaching the nearest 


fuel station, considering what you have studied? 


Accumulative Test on 2 Chapters 1, 2 & 4 


| First | hoose the correct answer 


@ If the frequency of an oscillatory motion is doubled, the periodic time is 


(а) doubled (b) halved (€) quartered (d) not changed 


ө A light ray is reflected by a plane mirror m shown in the figure! | 
The angle 0 equals ·---------. 
(a) 75° (Б) 100° 
© 125° (d) 145° 


' 
П 
! 
П 
! 
р 
Н 
i 
i 
i 
i 
Н 
D 


9 Water flows steadily through a pipe of diameter 10 cm with a speed of 30 cm/s. The pipe 
has 5 branches each of the same diameter. One of these branches is connected to a cylindrical 
tank. If water rises in the tank by a rate of 0.3 cm/s, the tank’s diameter equals -=+ 


(a) 224 cm (b) 44.7 cm ©) 66.9 cm (d) 882 ст 


© A liquid flows with a speed of 2 m/s inside a tube of internal diameter 1.2 cm. If the mass 
flow rate of the liquid equals 159 x 10° kg/s, the density of the liquid equals -++ 
(2) 176 kg/m? (Б) 353 kg/m? (©) 703 kg/m? (d) 937 kg/m? 


ө A boy is standing beside a train rails. He puts his ear on the steel rails to hear 
| the train coming. If the boy hears the train sound through the rails 2.1 5 before hearing it 
through the air, so the train is <... far away from the boy. 
(The speed of sound in the rails is 20 times that in air where in air v 340 m/s) 


(2) 680 m (6) 751 m €) 893 m (d)992 m 


[6] A thin prism of an apex angle of 9° has a refractive index 1.54 for yellow light and 
1.72 for blue light, the dispersive power for the prism equals 


р "2 252 3 
23 93 23 $5 


viii 
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© A tank of water is filled by opening ће valves а and b a b 
of two water pipes for 20 minutes. If valve b was closed, 
the tank gets filled in 45 minutes, so if valve a is closed 
and valve b is opened the tank gets filled in - 


(2) 22 minutes (b) 28 minutes 


(€) 36 minutes (d) 45 minutes 


© The graph shows the relation between the angle of minimum о 
deviation (œ) and the apex angle (A) for a group of thin prisms 
that are made of the same material. If о, and A are drawn with 
the same scale, then the refractive index of that material equals +. | 
(8) 134 (51.58 къ Ej A 
(2 41.6 ; 


© Light of wavelength 0.5 um (in air) enters the water in a swimming pool. The speed | 
of light in water is 0.75 times its speed in air. The wavel ngth of this light in water 


equals -+++ 

@)0.67 рт (5/0411 um (010.375 um 
— 

Q If blue light in the Young's double slit experiment is replaced by red light, the fringe | 
width will «e | 
(а decrease (b) remain unaffected | 
(©) increase (d) first increase and then decrease | 

© A light ray in the core (n = 1.4) of a cylindrical Air 0; 


Cladding 
---- Core 


optical fiber falls at an angle Ө, = 49° with respect 

to the axis of the fiber. The ray is transmitted through 
the cladding (n = 1.2) and into the air. So, the angle 9, 
which (һе exiting тау makes with the outside surface 
of the cladding is equal to ~- ` 

(a)49.94* (p)23.3* (©) 66.7° 4) 33.3° 


[127 А student has got a coherent light source with wavelength 547 nm. He wants to send 
light through a double slit with a slit separation of 1.5 mm to a screen 90 cm away. 
So, if the student wants to display five interference maxima (bright fringes) the minimum 
width of the screen should Без : 
(3) 1.64 mm 60.33 mm ©)0.66 mm 9.0.46 mm 
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[13] When a small metal ball is dropped from a certain height into the sea, the graph that 
represents correctly the relation between the ball speed (v) inside water and the time (t) 


е Ў 


© Water flows at speeds v and 2 v through two branches of a pipe (1, 2) to fill two water 
tanks of volumes L and 3 L respectively. If the two tanks are completely filled within the 
same time interval, then the ratio between the diameters of the branches of the pipe (4) 
2 


52. @ 
e df 


© A thin glass prism of angle 7° and the refractive indices for blue and red lights 1.66 and 
1.55 respectively, so the deviation angles of red and blue lights аге. . 
(QU 1:775,1.33? (b) 3.85°, 4.62? ©) 2443?, 3.34? (d) 4.61°, 5.48? 


| Second | Answer the following questions 


[16] A beam of light in air enters a glass block at an angle 
of 30° to the glass surface, as shown. The glass has an 
index of refraction of 1.35 
(a) Find the angle labelled 9, 
(b) Calculate the critical angle between the glass and air. 
(c) Does the light follow path A, path B, or both? Explain. 
(d) Find the angle 0, , if light follows path A and Өв if 

light follows path B. 


Nju 


a2 b) 
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Ф The following table depicts the relation between the speed of a liquid (у) at a point їп 
a pipe and the cross-sectional area of the pipe at the same point: 


(чош) ] 60 | s | 15 6 | 
[A em) 1 2 4 10 | 


(a) Plot the relation between (v) on the vertical axis and D on the horizontal axis. 
(b) From the graph find: 

1- The speed of the liquid at a cross-section of 5 cm?. 

2- The volume flow rate of the liquid. 


© The prism in the figure is made of crown glass. 
Its refractive index ranges from 1.517 for the longest 
visible wavelength to 1.538 for the shortest one. 
Find the range of refraction angles for the light light 


transmitted into air through the right side of the prism. 


№ 
о 
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Test 1 e For the first month 
е 


Choose the correct answer (1 + 9) : 


o A light ray is incident on a mirror where it makes an angle of 30° with it, so the angle 
between the incident and the reflected rays is equal to ............ " 
») 20° ») 60° ©) 120° (4) 150° 


[2] The opposite graph represents the relation between the speed (у) 
and the wavelength (A) for three waves x, y, z when they 
propagate in three different media, so the correct order for 
the periodic time for the waves is ... 


Gt T,>T,>T, b T, >T >T, 
CVT, >T,>T, WOT, 2T T, 
e When using two different light sources the ratio between their wavelengths ex = i) 


A, 
in Young’s double slit experiment, the ratio between the distance between the centers of 
two successive fringes of the same type in the two cases (2) will be ............ ` 


Уз 
(ну os с) 49 D4 


8 t ب‎ 64 


©) A light beam transfers from air to three different media ©, О) 

| and (3) one at a time and the opposite graph represents the relation 

between sine of the angle of refraction (sin Ө) for the light ray 

in each medium and sine of the angle of incidence (sin |) for 

the beam, which of the three media has the highest refractive index? 
û Medium © .^ Medium © 

| ¢ Medium © í d) The three media have the same refractive index. 


s o Tn the opposite figure, a simple pendulum moves a simple 
harmonic motion of periodic time T where it starts its motion 
from point X in the direction of point Y, so the point at which 
the pendulum bob be after a time 1.75 T is ............ r 

0 point X bı point Y 

(©) point Z (1 between the two points X, Y 


» Monthly Tests 2 
^ 


o A light ray transfers from air to a medium of absolute 
refractive index 1.6 as in the opposite figure, so the 


angle of the incidence (Ф|) of the ray equals.. 
(a) 15.2? h) 22.8° 
(c) 28.5° (d)34.2° 
[7] The opposite figure represents the diffraction phenomenon for Barrier 
a light ray of wavelength (A) and frequency (v) passing through 
a slit of width d in a barrier, so to make the diffraction more : 
clear, we have to ............ , Light, | | 
source 
{ıl | use a light of frequency less than 1) | 


| b / use a light of wavelength less than À 
(©) use a barrier with a slit of width larger than d 
{11 increase the distance between the light source and the barrier 


If the speeds of light in two media are 3 x 10* m/s, 2 x 108 m/s, so the relative 
refractive index from the optically rarer medium to the optically denser medium 
equals ............ o 


(1/0.7 (050.83 *)12 921.5 


о The opposite graph represents the relation between d(cm) 
displacement (d) of one of the molecules of a medium 
through which a transverse wave is propagating with 
a speed of 20 m/s and time (t), so the wavelength of 


that wave equals ............ s 04 0.8 9) 
4m (h/ 8m 
“16m [dJ 25m 


Answer the Following questions (10 : 12) : 
[10] Give reason for: When a light ray gets incident perpendicularly on a reflecting surface 


it reflects on itself. 


In Young’s double slit experiment, a laser ray of wavelength 575 nm is used where the 
screen on which the fringes are received is placed at a distance of 0.9 m from the barrier 
of the double slits, so the center of the first bright fringe becomes at 2.75 mm from the 
center of the central fringe. Calculate the distance between the slits. 


e A load got suspended by a spring coil, so the length of the coil became 7 cm, and when 
the load gets pulled vertically downwards by a certain force, the length of the coil 
becomes 10 cm. If the load is left to vibrate, calculate the distance covered by the load 
through five complete vibrations. 


Test 2 2 For the first month 
* 


Choose the correct answer (1 : 9) : 


o The opposite figure shows a vibrating string, 
|| if the required time for the string to move from 
point A to point B is 0.005 s, then the frequency 


of the string is ............ З 


(2) 20 Hz 
(©) 100 Hz 


(b) 50 Hz 
(d) 200 Hz 


[2] In Young’s double slit experiment, the fringe that is formed due to superposition of two 


| 


o The opposite figure represents two light 


waves between which the path difference is zero will be the ............ fringe. 
(4) central (5) first bright 
(©) first dark (9) second bright 


ae 


(©) less than c 


altered for that wave ? 


(а) The speed and the frequency 
(©) The speed and the wavelength 


© A light ray of speed c gets incident on a mirror, so it gets reflected with a speed sabia да S 


(b) greater than с 
(d) the answer is indeterminable 


[4] When a wave transfers between two different media, which of the following do not get 


(b) The wavelength and the periodic time 
(d) The frequency and the periodic time 


rays incident from air, with equal 


angles on two different media, of refractive 
indices n,, п), so if 0, > 6, then ............ 2 


(O n>n, 
® Bn. 
©) n <n, 
(9) the answer is indeterminable 


What's the type of the wave that will be formed 
in the spring coil and in the air when the two 
branches of the tuning fork in the opposite figure 


vibrate? 
In the spring coil In air 
(а) Longitudinal Transverse 
fb) Longitudinal Longitudinal 
© Transverse Transverse 
@ Тгапѕуегѕе Longitudinal 


Young’s double slit experiment is conducted two times, the first using red light 

and the second using blue light. In each time, the distance between the double slit 

and the fringes’ receiving screen is changed many times. So, which of the following 
figures represents the graph of the distance between the centers of two successive dark 


fringes (Ay) versus the distance between the double-slit barrier and the fringes receiving 


screen (R)? 


Ay ^ 
Blue light Red light 
Red light Blue light 
R R 


(a) 


The opposite figure represents a load attached 


to one of the ends of a spring and moves in 


a simple harmonic motion between two points A, D 


d 


Which of the following quantities becomes minimum 


when the object becomes at point O? 


ii Speed of the object. 


© Kinetic energy of the object. 


(d) Mechanical energy of the object. 


^; Elastic potential energy of the object. 
c 


lue light 


у Ay 
Red light Blue light 
R R 


(d) 


Horizontal А О 
smooth surface 


» Monthly Tests 2 
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The opposite figure illustrates two perpendicular plane 
mirrors A and B, where a light ray gets incident on mirror A 
with an angle of incidence 30°, so the ray ............ í 


3) gets incident on mirror B with an angle of incidence 30° 


(b) gets incident on mirror B with an angle of incidence 60° 


(c 2 gets reflected on mirror B with an angle of incidence 45° 


(1) does not get incident on mirror B 


Answer the following questions (10 : 12) : 


[10] The opposite figure represents bright and 
dark fringes that are formed due to one 
of the physical phenomena of light. 
What is this phenomenon? And why? 


| о A spring coil is moved іп a way to make a wave of wavelength 120 cm and periodic time 
of 0.4 s, then it is moved in a different way to make a wave of wavelength 210 cm that 
has the same speed of the first wave, calculate the periodic time of the second wave. 


In the opposite figure, a point light source is placed in 
water from which a light ray gets incident by angle 45° 


on the boundary surface between water and oil. ИШЕ 


If the absolute refractive index of water is 4 and 45° Water 


Air 


the absolute refractive index of oil is 1.8, 


then calculate angle of refraction of the light ray in air. 
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Test 1 2 For the second month 


Choose the correct answer (1 : 9) : 
e An incident light ray on a triangular prism gets A۸ 
refracted inside the prism then gets emerged 


away from the normal as in the opposite а 
figure, so the apex angle of the prism is ............ . 


Ор к 
©y @x 


© A light ray is incident on a fiber optic cable that is made of a flexible material of 

refractive index 1.66, so the maximum angle of incidence of the light ray on the internal 

surface to get out of the cable equals approximately ............ . 

(OE (b) 45° (©) 63° @) 90° 

o Which of the following graphs represents the relation between the second angle of 
incidence )ر0(‎ and the refraction angle (0) for a light ray that gets incident on the face 
of a triangular prism with different angles of incidence? 


Ф Ф 2 $2 
8, ы - 8, VA = 0, = 6; 
a) (с) (4) 


(8) (b) 


o A light ray gets incident perpendicularly on one of the faces of a triangular prism of 
apex angle 41.8°, so it gets emerged tangent to the opposite face, hence the refractive 
index of the prism material is ............ " 


(2) 13 (b) 1.5 (17 (4) 19 


o As the temperature difference between the layers of air which are close to the Earth 
surface and the upper layers increases, the chance of mirage occurrence ............ б 


(3 increases (В) decreases 


© does not change ( d the answer is indeterminable 
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о A light ray gets incident with ап angle of 45° оп one of the faces of a triangular prism 
of refractive index 2 and emerged from the opposite face by an angle of 45°, so the 
deviation angle of the ray equals ............ à 


(а) 30° (h)459 
(c) 60° GD 90° 


A light ray is incident on one of the faces of an equilateral triangular prism and emerges 
from its opposite face. If the first angle of refraction is double the second angle of 


incidence, then the first angle of refraction equals ............ . 
(a) 60° (b) 40° 
(€) 20° (@)30° 


To increase the efficiency of the reflecting prism it should be coated by a material of 


absolute refractive index ............ the absolute refractive index of the material of the 
prism. 
(1) greater than (b ‘less than 


(9 equals ( d ` the answer is indeterminable 


When a light ray gets incident on one of the faces of a triangular prism, the minimum 
angle of deviation (о) in the prism increase by ............. 


(a ) increasing the angle of incidence on the prism 
(b ) decreasing the angle of incidence on the prism 
( c ) using a light of longer wavelength 


(4) using a light of shorter wavelength 


Answer the following questions (10 : 12) : 


When a triangular prism is used in the dispersion of white light into its components, 


the red light has the minimum deviation. Explain. 


In the opposite figure, a light ray gets incident from the glass 
with an angle of incidence of 55° on the boundary surface with 
water, so if the absolute refractive index for each of glass and 
water are 1.58, 1.33 respectively, does the light ray get totally 
reflected in the glass or pass to the water? And why? 


The opposite figure shows the path of a light ray 
through a triangular prism, calculate: 


(1) The refractive index of the material of the prism. 
(2) The angle of deviation of the light ray. 
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Test 2 e For the second month 
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Choose the correct answer (1 : 9) : 

o When a light ray has got incident on one of the faces of a triangular prism and emerged 
perpendicular from the opposite face, the angle of incidence of the ray on the prism has 
Белата the apex angle of the prism. 

(1) greater than 

(b) smaller than 

(с) equal to 


\ 41 the answer is indeterminable 


9 A light source is placed at the bottom of a water pond of depth 150 cm where the 
refractive index of water is 1.33, so a bright circular spot is formed on the surface of 
water, so the radius of that spot equals ............ : 


(114m (b) 1.52m (1.63m 171m 


o When the relation between the first angle of refraction (0,) and the second angle 
“| of incidence (ф,) for two light rays passing through two prisms X, Y is represented 
graphically, we obtained the shown graph. Using the graph we find that the apex angles 


of the two prisms are . : Ф, 
| Apex angle of prism Х | Apex angle of prism Ү | 
@ | 30° | 60° 
- р x 
b 90° 30° 30 
(€ 60° 90° 
à | 60° 30° а 9 


o If an optic fiber of two layers is designed such that the refractive index of its internal 
material is 1.6, then the refractive index of its external layer is preferable to be ............ 4 
î ) greater than 1.6 

(b) less than 1.6 

(E equal to 1.6 

T 


(d) the answer is indeterminable 


In the opposite figure, a light ray passes through a triangular prism. X 
When the angle of incidence of the light ray (,) increases, 


then «se. 

Ө, Ө, 
decreases decreases 
decreases | increases 

(©) increases decreases 
@ increases increases 


A triangular prism of apex angle 60° whose material refractive index is 1.5, is placed in 
a liquid of refractive index 1.3. So, the minimum angle of deviation through that prism 
is approximately equal to ............ " 

(a) 70* (b) 60° 


(c)35* (4) 10° 


When four light rays fall from medium x 

on the boundary surface with medium y 

as in the opposite figure, which of these rays 
cannot penetrate to medium y? 

(a) Ray © 

O) Ray © 

(c) Rays @,® 

Rays, ©) 


пу=1.33 


о The opposite graph represents the change of the angle 
of deviation (o) of a light ray through an equilateral 
triangular prism versus the angle of incidence of the 
ray (фу) on the prism, so the refractive index of the 
prism material equals ............ > 

(2)13 

(b)14 

(s 


(d)1.6 


» Monthly Tests a 
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о When а triangular prism is used іп the dispersion of white light into its components, 
the violet light is the most deviated color because it has the greatest ............ 4 


(1) speed inside the prism (b) speed in the air 


(©) wavelength (d) refractive index for the prism material 


Answer the following questions (10 : 12) : 


| 

| [10] Two red light rays are incident on two glass 
F prisms (1), (2) as in the opposite figure, 

| compare with explanation between the 

| minimum angle of deviation for the two 

| 


rays through the prisms. 


o If the critical angle of water with air is 48° and the critical angle of oil with air is 44°, 
calculate the relative refractive index from water to oil. 


® In the opposite figure, a light ray passes through 
a triangular prism. If the wavelength of the light 
ray in air is 400 nm and in the prism material is 
250 nm, calculate the apex angle of the prism (A). 


[m] 


[m] 


All questions signed by % are answered in detail. 


General Exam 1 


| First | oose the correct answe 0) 


[1] Which of the following is affected in the light wave when it is diffracted? 
s 


( a) Its frequency 
(b) Its wavelength 
(с) Its velocity 


(d) Its propagation direction 


o In the opposite figure, a light ray falls from medium (a) at angle 
‘| 45° on the separating surface with medium (b), where it deviates 


from its original path by an angle of 45°, so the relative refractive 


45° 
index between the two media (,n,) equals н . 
(a) (b) 
(а 2 (b) == 
12 
= 13 2 
(07 — (d)— 
үз 
8 The opposite (displacement-time) graph d(cm) 
represents a body that moves a simple 
harmonic motion, $0 еен E 0.1 
The amplitude (cm) | The frequency (Hz) 9 0.5 1 )ئ(‎ 
( а) 0.1 4 -0.1 
(b) 0.05 2 
(c) 0.1 0.5 
ac ) 0.05 0.25 


o A layer of a viscous liquid of thickness 3 cm and viscosity coefficient 1.2 kg/m.s is 
confined between two horizontal parallel plates. If a tangential force of 1.6 N acts on 
the upper plate to move it with a uniform speed of 1 m/s, then the area of the upper plate 
Bua tese Я 


(a) 0.02 m? (b) 0.03 m? (e) 0.04 m? (d) 0.05 m? 
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We don't hear the sound of explosions that happen in the Sun, because ns . 


@ the location of the explosions is very far 
(b) the sound propagates as transverse waves 
(©) the sound propagates as electromagnetic waves 


@ ) the sound propagates as mechanical waves 


If the angle of minimum deviation for a light ray that falls on one of the faces of an 
equilateral triangular prism is 60°, the refractive index of the prism material for the 


incident light equals 


@{? 


isosceles triangular prism of refractive index 1.5, so which 
of these rays changes its direction by 180°? 

(OJO) Ore 
(08 00 


If red and blue light rays fall with the same angle of incidence Û on the separating 
surface from the optically rarer medium to an optically denser medium, then the ratio 
between the angle of refraction of red light and the angle of refraction of blue light @) 
in the optically denser medium is 111111 : 


Ө; less than 1 (©) equal tol (©) indeterminable 


@ greater than 1 


The cross-sectional areas of the two ends of a tube are 0.005 m? and 0.01 m. If water 
flows through the tube steadily and the volume of the flowing water within 15 minutes 
is 9 m?, then the speed of the water in «+--+ : 


The wide cross-section The narrow cross-section 
= 
(©) 0.6 m/s 1.5 m/s 
® 1 m/s 1.5 m/s 
(с) 0.6 mis 2 m/s 
(d) 1 m/s 2 m/s 


> General Exams a 
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3# A plastic transparent plate of refractive index 1.5 is 
used to make an aquarium. If a light ray gets reflected 
from a fish inside the water and falls on the plastic plate 
at an angle of incidence 35? as in the opposite figure, 
therefore the emergence angle of the light ray to the air 


(Knowing that: Ter 1.33) 


Itei 


(а) 30.57° (b) 35.41° (©) 49722 (d) 52.33° 


Ф In Young’s double-slit experiment, a light гау falls оп the double-slit where the distance 
between the two slits is 0.19 mm and they are 90 cm away from the observation screen, 
If the distance between the central fringe and the first bright fringe is 3 x 10? m, so the 


wavelength of the used light is -+1 


(2) 490 nm (СЪ) 520 nm (©) 603 nm 


(d) 633 nm 


Ф The opposite figure represents the motion of 
a vibrating string, so the velocity of the string / 


is maximum at «e 4, i 
(3) point a (©) point b 
©) points b and c 


@ points a and c 


Ф Four identical solid balls are dropped from the same height into four cylinders, each of 
them contains the same volume of different liquid while the time taken by each ball to 
reach the bottom of the cylinder is recorded as the following table: 


Cylinder Time 
1 02s 
2 03s = 
3 0.6s 
4 15 


Which cylinder contains the liquid of the highest viscosity? 
(9) Cylinder 1 ® Cylinder 2 (с | Cylinder 3 (d J Cylinder 4 


EXAM = 
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[14] When a light of wavelength A is used in Young's double-slit experiment, the path difference 
= 

between the two interfered waves at the central fringe is equal to = 

3)15A b)A ©)0.5 (40 


[15] A light ray falls on a mirror making an angle of 60? with its surface, therefore the reflection 


angle of the light ray from the mirror is equal to -+++ : 
2) 30° b) 60° ©) 90° (d) 120° 


Ф A blue light source is immersed under the surface of water at а certain depth to form blue 
light circular spot on the surface of water. If the blue light source is replaced by a red 


light source, then the light spot at the water surface -+++ . 


а) vanishes (b) decreases in area 


c ) keeps its area d) increases in area 


[17] If the ratio between the apex angles of two thin prisms of the same material equals 
then the ratio between the dispersive powers of them respectively equals ~+- 
Бу 2 ( d 

b) с) 4) 


2 
3 


кол 


a) 


(O 1f the volume flow rate of a liquid is Q, in a pipe that is branched into four branches of 
equal cross-sectional areas, then the flow rate in each branch equals ---- € 


140, 5) 4a, 20, 


[19] In the opposite figure, a tone of frequency 5000 Hz 
] is produced due to the vibration of a guitar string, 
then the periodic time of the vibrating string in ms 


equals «ee A 
a)2x 10-4 ) 5 x.10-4 
©)02 @os 


L 
e If a light ray falls on one of the faces of a triangular prism of apex angle 40? with an 
angle of incidence of 60? to emerge normally from the other face, then the refractive 


index of the prism equals «+++-++-+-++-+-++-+--- . 


2)15 (5)141 c)135 2071 


» General Exams 4 
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Second! Answer the following questions (21 : 23) 


@ People in the high floors feel wind speed more than those in the lower floors. 
Explain why? 


@ The opposite graph shows the relation between 

the displacement (d) and the time (t) for two waves 
A and B, find the speed of propagation of each wave 
in the medium. 


e The opposite figure shows a light ray that falls on 

a triangular prism of refractive index 1.5, trace 

the path of the light ray in the prism, then find the angle 
of emergence from the prism. 


General Exam 2 


| First | Choose the co answer ( 


o Load is attached to a spring where it is in equilibrium, if the load is pulled vertically 
downwards for a distance 10 cm then it is left to pass by the equilibrium position for 
the first time after 0.5 s, then -++--++ : 


The amplitude of the vibration (cm) | The periodic time (s) 
(а) 10 L5 
0 10 2 
(c) 20 2 
(d) 20 L5 
| 


[2] Water flows steadily in a tube of radius 3.5 cm at a speed 3 m/s, then the time required to 
fill a cubic tank of side length 226 cm approximately equals -=+ . (w=3.14) 


(2) 900 s (5) 1000 s (©) 1100 s @ 1200 s 


8 If the critical angle of a light ray that transfers from medium (Т) of refractive index 
172 to medium (2) is 55°, then the refractive index of the material of medium Ө! 
equals «m А 


141 (5) 148 (©) 1.53 (@) 1.56 


o A light ray falls on one of the faces of a thin prism of an apex angle 8°, refractive index 
for the blue light 1.664 and refractive index for the red light 1.644, then the dispersive 
power for the material of this prism equals 


| (2)0.05 (5)0.04 


(220.03 (40.02 


ө A light ray falls оп one of the faces of a triangular prism of refractive index J2 at an 
angle of 45° and emerges from the opposite side at angle of 45°, then the apex angle of 


the prism is --- 
(а)45° 


(с)72° ( 


(e) 


)80° 


D 
N 
© 
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In Young's experiment, the distance between the center of the first bright fringe and the 
center of the central fringe is 2 mm, then the distance between the center of the third 
dark fringe and the center of the central fringe equals зз : 

0 5mm D 7mm 


(a) 2mm ©) 6mm 


[7] The ratio between the periodic time and the frequency of a tuning fork is mus 


then the number of the vibrations that is produced in 10 seconds equals - 
(а) 1636 vibrations (b) 2560 vibrations 


(©) 3160 vibrations 11) 6320 vibrations 


The opposite graph represents the relation between the first 5 
angle of refraction (6) and the second angle of incidence 4 
(6) when a light ray passes through a triangular prism. If the 

critical angle of the prism material is 41.8°, then the angle of 20° 
minimum deviation for the falling light ray is --- 
(а) 172° 

(с) 254° 


The opposite figure shows ^ 
the occurrence of mirage, hence 

the correct order of the speeds 

of light in the three air layers 


(b) vj» v, 
(о) v,» v,» v, 


ONGA 


of area 0.1 m? slides on the floor with uniform speed 0.5 m/s due to a tangential force of 


35 N, then the coefficient of viscosity of the liquid equals --- 


0.75 N.s/m? (5) 125 N.s/m? 


(c) 175 N.s/m? 


EXAM === 
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The critical angle between two different transparent media is given by the relation; 


П, 
sin $,- а and this means that 


ee ^ 


(a) 
(@)n, <n, bin, >n 
ns n J speed of light is the same in the two media 


The opposite figure shows a vertical section of 


Wave propagation 
a wave propagating through water from left to direction в 


right, so at which two points the instantaneous 
vertical velocities of water particles are 


maximum? 
GDA, D Б)В,С 
©)А,С @)C, D 


® In Young's double-slit experiment a blue light of wavelength A is used to pass through 
two narrow slits that are at a distance d from each other, so interference fringes appear 
with a certain pattern on the observation screen that is at distance R from the slits. If the 


experiment is repeated under the surface of water, the distance between the centers of 
each two successive fringes will -- 


^; decrease 


.? remain constant b 
49 be indeterminable 


жу 
© increase 


The opposite figure represents an equilateral 
triangular prism of refractive index l2, so 


the angle of deviation equals - 
=) 30° 45° 
(c) 55° 60° 


(&) (m 


Light rays fall on two thin prisms, the apex angle of the first prism is 9? and its refractive 
index equals 1.5 and the refractive index of the second prism equals 1.75. If the angle 
of deviation of the light rays in the two prisms is the same, then the apex angle of the 


second prism equals 


(а) 6° 


» General Exams 2 
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If the end of a spring coil is moved to make a longitudinal wave of wavelength 30 cm and 
periodic time 0.1 s then it is moved to make a transverse wave of periodic time 0.2 s that 
has the same speed as the longitudinal wave, then the wavelength of the transverse wave 
equals «m Я 

(c)30 cm (4) 60 cm 


@) 7.5 ст ® 15cm 


f [17] If the ratio of the angle of incidence of a light ray on the interface between glass and 
another medium to its angle of refraction in the other medium is less than one, 

then -- 
© the absolute refractive index of glass is greater than the absolute refractive index of 
| the other medium 


| 


(b) the absolute refractive index of glass is less than the absolute refractive index of 
the other medium 


N 


с the speed of light in glass is greater than the speed of the light in the other medium 


{ 
(d) the wavelength of light in glass is greater than that in the medium 


© A light ray falls on one of the faces of a triangular prism with an angle of incidence 
and emerges from the opposite face with an angle of emergence 1.25 where the light 


ray deviates by an angle 075 ф, then the ratio between the angle of deviation and the apex 
angle of the prism С) equals «m . 


a) 1 Б) 1 с) 2 
ei 1 


ә 


(d) 2 


(о 


The opposite graph represents the relation between 9, 
the volume flow rate (Q, ) and the mass flow rate 

(Qn) for the two liquids A and B that flow steadily B 
inside many tubes, so the ratio between the densities 

of the two liquids (2) EE d On 
(a) greater than Bie 0 | less than one 


{© equal to one (9 indeterminable 


The electromagnetic waves for which the diffraction becomes more clearer when they 
pass through aperture of dimensions 107 5 m are «+1: é 


а) X-rays (bj) radio waves с gamma rays (d) UV. waves 


Qi رم‎ e [ot عاصر فیزیاء لغات ر الکتاب الآساسی)/‎ Л 


EXAM === 


2 


Answer the following questions (21 : 23) 


ج 


The following figures illustrate identical light rays getting incident from air into three 


different media (A), (B) and (C) with equal angles of incidence. 


Arrange in an ascending order these media according to their refractive indices. 


(A) (B) (С) 


e A sound wave that propagates in air has produced d(cm) 
vibrations to the air particles where the opposite 
graph represents the relation between 

the displacement (d) of one of the air particles 
and time (t). Draw the relation between 

the displacement and the time with the same 
drawing scale for the vibration of one of the air 
particles that transmit a sound wave of half 

the wavelength of the first wave and half 

the amplitude of the first wave. 


| First | oose the correct answer ( 


о In Young's double-slit experiment a blue light of wavelength A is used to pass through 


two slits where the distance between them is d, so interference fringes appear on the 
observation screen which is at a distance R from the slits. If another light of wavelength 
1.5 À is used, then to have the same pattern of interference, the observation screen should 


be at a distance Of sese from the slits. 
DE p)-R- ©)075R (15А 
ی‎ ~ 0.75 - 4 


[2] The speed of light in a transparent medium is 2 x 105 m/s and its speed in another 
transparent medium is 2.4 x 108 m/s, then the ratio between the sine of the critical angle 
of the first medium with air and the sine of the critical angle of the second medium 


уіп (0, 
with air ( sin (6), 


(а) $ (b) 2 (e i d) E 


[3] A wooden floor is covered with a layer of viscous liquid of thickness 2 mm where 

]a rectangular plate of area 0.12 m? slides on it with velocity 0.75 m/s when it is affected by 

a tangential force of 126 N, then the viscosity coefficient of the liquid equals -- 
G) L6 N.s/m? (b) L8 N.s/m? ©) 2.4 N.s/m? ( 


2.8 N.s/m? 


o A sound wave transfers from air to iron. If the ratio between the speed of sound in air 
3. 
24 
57.6 cm, then its wavelength in iron is 


and the speed of sound in iron is Z^ while the wavelength of that sound wave in air is 


(39cm (b) 172.8 cm (©) 533.5 cm (0) 844.8 ст 


8 The opposite graph shows the relation between the angle of a 
i deviation of a light ray (o) and the angle of incidence (6) of 
this light ray on one of the faces of a triangular prism, then 

the apex angle of the prism and its refractive index are 


respectively. 
(2)60°, 1.5 (b) 80°, 145 
(©) 75%, 1.5 (d) 80°, 1.35 
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In the opposite figure, a light ray falls from medium (1) on 

the separating surface between the two media (Т) and (2) , | 
therefore the light ray refracts tangent to the separating surface. © T 
If the ratio between the speed of light in medium (1) and that in 
medium (2) б equals 073 , then the critical angle between 
the two media equals n... я 

(2) 39.65? (b) 41.8° 


(c) 46.899 (d) 4972° 


о The dispersive power of a thin prism depends оп -+++ ` 
(@) the angle of incidence of the beam on the prism 

© ) the intensity of the incident light on the prism 

С c) the apex angle of the prism 

(©) the refractive index of the prism 


Ж The opposite figure shows a light ray that falls from air 45% 
оп a transparent glass plate at angle of 45°, therefore the 

emergence angle of the light ray from the glass plate, if the 

refractive index of its material is 1.52 equals ------------------------- E 

(2)28* (b) 45° 
(c) 49° (d) 53 


o The opposite figure shows the motion of a simple pendulum 
of periodic time T, so which of the following statements 

is wrong? 

(@) The speed of the load at x > The speed of the load at y 
Ф) The speed of the load at z = zero 

(с) The amplitude = The distance between z and у 


@ The time taken by the load to cover the distance xy = T 


4 


284 


» General Exams ? 
е 


3 A light ray falls оп one of the faces of equilateral 
triangular prism of refractive index 1.5 with an angle 60° 
where the prism makes an angle 60° with a plane mirror as 
in the opposite figure, therefore the angle of its reflection 


from the surface of the mirror equals 
(а)о° (Б)211° (389° (d) 68.9° 


A liquid flows steadily in tube x of cross-sectional area 26 cm? that is branched into 
two tubes y and z that have cross-sectional areas of 15 cm? and 7 cm? respectively. 
If the speed of the liquid in the tubes x and y are 0.4 m/s and 0.6 m/s respectively, so 
the speed of liquid flow in tube z equals --------- нн 

(2)0.2 mis (03 m/s 


The opposite figure represents the relation between 0, 
the first angle of refraction (8) and the second angle 
of incidence (ф,) in a glass triangular prism, so 


the apex angle of the prism equals 
(225 (b) 45° 


(c) 50° 


In the opposite figure, as the boat gets closer 
to the shore while keeping its speed constant, 
the athlete needs to -+--+ Т 


(а) row with a less force (brow with a greater force 
x) e pem 


© row with the same force (d) stop rowing 


The opposite figure shows the occurrence A 
of mirage, hence the correct order for the 
wavelengths of light in the three air layers 

ھک ا 

(DA >A, >A, 
® Ara >A] 
OI 
(83)4, 24,23, 
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[15] A light ray falls on one of the faces of a triangular prism 
and emerges normal to the opposite face as in the opposite 
figure, so the angle of incidence (ф) is ++--++ Е 
@) greater than A 
® less than A 
© equal to A 
(d) equal to (90 А) 


The opposite figure shows a light source that 

is placed inside a transparent medium, so what 

happens to ray (3) at the boundary surface Po ! 

^ D 

PS the two media? 8 

(9 It gets refracted, because the angle of incidence is less 
than the critical angle between the two media 

C b ) It gets refracted, because the angle of incidence is greater than the critical angle 
between the two media 

( Ө ) It gets totally reflected, because the angle of incidence is less than the critical angle 
between the two media 

(d) It gets totally reflected, because the angle of incidence is greater than the critical 
angle between the two media 


Which of the following is correct when comparing between the refraction and 

the diffraction of light? 

(а) The diffraction happens when light transfers from one medium to another while 
the refraction happens when light propagates in the same medium 

(b ) The diffraction happens when light propagates in the same medium while 
the refraction happens when light transfers from one medium to another 

(e) Both of them happen when light propagates in one medium 

(11) Both of them happen when light transfers from one medium to another 


Ж A light ray falls perpendicularly on one of the faces of a triangular prism of refractive 
index 2 to emerge tangentially to the opposite face, therefore the angle of minimum 
deviation of the light ray in the prism equals --- approximately. 

(a) 18.5° (Б) 205° 41355? 


N 
со 
o 
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When а light wave transfers from one medium to another, the property that doesn’t 


change for the light wave is the -+-+ + 


(2) speed (b) wavelength (c) frequency (@) intensity 


The factor(s) that affect the angle of deviation of the light ray in a triangular prism 


is (are) one : 
(а) the apex angle of the prism (5 the angle of incidence of the light ray 
(o the refractive index of the prism @ j all the previous 


| Second] Answer the following questions (21 : 23) 


e If water flows steadily with a speed of 1 m/s inside a tube of diameter 10 cm that ends 
with a nozzle of diameter 2.5 cm, calculate the mass of water that flows every minute 
through the nozzle of the tube. 

(Knowing that: The density of water = 1000 kg/m3, x = 3.14) 


"Every vibrational motion is considered a periodic motion, but not every periodic motion 
is considered a vibrational motion", show the validity of this sentence. 


In the following figure, trace the path of the incident light ray on mirror A until it gets 
reflected from mirror C. 


General Exam 4 


| First | Choose the correct answer (1: 20 


e If you know that the refractive index of glass is 1.5, then the figure which shows the right 
path of the light ray that falls on the separating surface between glass and air at angle of 
S09 18 iih susc Е 


have greater deviation than red light because --- 


OLS 
2) Pyiolet < Prea 


<v 


(c 
3 ) violet red 


© A thin prism has average refractive index of 1.5 and the ratio between the refractive indices 
of the prism's material for blue and red lights ® equals 2 , therefore the refractive 
index of prism's material for blue light (п,) emul 


@)14 ()15 


(13 


o A light ray falls at an angle on one of the faces of a triangular prism of apex angle 75? 
If the refractive index of the prism's material is 2 and the light ray emerges tangent to 
the opposite face of the prism, then the value of Û is ------------------------- : 

(OLY (5) 30° (c) 45° (d) 60° 


[5] A patient is injected by a needle of radius 0.3 mm, if the drug flow in the needle steadily 
by rate 0.5 cm/s, then the speed of the drug flow in the needle is --- 
(t = 3.14) 


(5) 1.24 m/s (5) 177 mis (c) 242 mis (d) 771 mis 
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A container of thick transparent walls have a material of refractive index 1.52. 
Tf it contains a liquid of refractive index 1.44, then the critical angle between them 


equals «mnn ә 
@ . 68.42? and it is located in the container medium 
(©) 71.33? and it is located in the container medium 
© 68.42° and it is located in the liquid 
(d) 771.33? and it is located in the liquid 


In the opposite figure, a simple pendulum has been displaced 
from its rest position (0) a distance 5 cm to position (x), then 
it is left to swing making a simple harmonic motion where it 
completes one oscillation in time T. Which of the following 
graphs represents the relation between the displacement (d) 
of the pendulum away from its rest position and the time (t) 
during that complete oscillation starting from position x? 


d(cm) d(cm) 


o In Young's experiment, if red light was used then the experiment is carried out again 


; : _ (9), . 
with blue light source, the ratio y, is < . 
(а) greater than 1 У ® less than 1 
©) equal to 1 @ indeterminable 


QV: e) تا‎ | ov /) (الکتاب الآساسی‎ OW فیریاء‎ alegi 
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The opposite figure shows a load that is attached to 


a vibrating spring, so the total distance that is covered by 


the load during a periodic time equals <=... + 
(OE cm (5)6cm ГЕ: 
©) 9cm (d) 12cm ELS 


Water flows steadily in a tube that is branched into several identical branches. If the 


diameter of the main tube is 8 times as large as the diameter of the branched tube and 


the speed of the water flow in the branched tube is 4 times as large as its speed in 


the main tube, then the number of the branched tubes is - 


94 or (ue @u 


Which of the following physical quantities has a measuring unit? 
1) Absolute refractive index 

0 Viscosity coefficient 

© Dispersive power 

@ Relative refractive index 


From the opposite figure, the angle of reflection of 


the ray from the mirror equals à 
(3)30* OLY w 
© 60° © 90° 


® The opposite graph represents the relation between the mass Qs 
flow rate Q,) and the volume flow rate (Q) for a liquid that 
flows steadily in many tubes, then the slope of the straight line 
represents «m , 
(©) the pressure of the liquid Q, 
® the temperature of the liquid 
(с) the speed of the liquid flow 
| (9) the density of the liquid 


№ 
о 
о 
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Ф The ratio between the dispersive power of a thin prism of ап apex angle of 5° and the 


dispersive power of a thin prism of an apex angle 10° of the same material 


(d (b) OE: 


С 


So 
2 


the probability of occurrence of mirage phenomenon ---—- . 


(а) decreases ® increases 
© doesn’t change (d) will be indeterminable 


medium as in the opposite figure. A part of it reflects and 
another part refracts where the reflected and the refracted rays 


are perpendicular, then the critical angle of the transparent 
medium with air equals --- 
(2,3526 


If the distance between the first crest and the z crest of a transverse wave is y, then 
the wavelength of the wave equals «e 


(а)®=1 OL OA TD- 
D 59-4 3 g 


The opposite graph represents the relation between sine sing 


of the angle of incidence (sin ф) and sine of the angle of 
refraction (sin Ө) for a light wave when it travels from air to 
another medium, so the speed of the wave in the medium 


equals --- 50° vin 
(Knowing that: c = 3 x 105 m/s) 
(072 x 108 m/s (b L6 x 108 m/s 1с 2.5 x 108 m/s (0:3 x 108 m/s 


® By increasing the distance between the double-slit barrier and the observation screen in 
Young's experiment, the +-+ . 


( a) centers of fringes become more distant from each other 


^ centers of fringes become less distant from each other 
distances between fringes don’t change 


4 number of bright and dark fringes increases 


= 
ч 
>< 
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The opposite figure represents a triangular prism of refractive index 
1.8 where a light ray falls on one of its faces, then the number of total 
reflections inside the prism equals 
@1 ® 
@ 


©3 


2 
4 


| second Answer the following questions (21 : 23) 


e What happens to the net force affecting a metal object during its fall through a viscous 


liquid? Explain. 


Two sound waves x, y are propagating in the same medium with periodic times 


T, 2 T respectively, calculate the ratio between the wavelengths of the two waves Cs), 
y 


e A light ray falls perpendicularly on one of the faces of a triangular prism of apex angle 
35°, so it emerges from the prism deviated from its original path by an angle of 28° 
Calculate the refractive index of the prism's material for this light ray. 


General Exam 5 


EO oose the correct answer (1 : 20) 


Er] The figure that represents the direction of vibration of the particles of medium (a) 
relative to the direction of propagation of a transverse wave (b) in this medium 


Пе mation E " 


© The ratio between the first angle of incidence and the angle of emergence of a light ray, 
that falls on one of the faces of a triangular prism which is at the minimum deviation 


position, «m . 
( a) is greater than 1 

(b) is less than 1 

(е ) is equal to 1 


(d) depends on the value of the apex angle of the prism 


9 A square plate of side length 10 cm is sliding on another static plate where there is 

a layer of liquid between them whose coefficient of viscosity is 1.2 N.s/m?. If the upper 
plate moves with a uniform velocity of 0.2 m/s due to a tangential force of 0.6 N, then 
the thickness of the liquid layer is +--+- . 


(5;,] mm 022 тт 1223 тт d) 4mm 


[4] Two bodies are vibrating, the first body makes 90 complete vibrations in 2 minutes and 
the second body makes 3 complete vibrations in one second, so the ratio between their 


PX T 
periodic times (т equals · 
2 


(a) 


ШЕ 


= 
-ja 


T 
2 


[5] 
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At inhalation, the air flows through the trachea with a speed of 15 cm/s. If the cross- 
sectional area of each of the two branches of the trachea are quarter that of the main 


trachea and considering the air flow is steady, then the speed of the air flow in each 
branch is 


(2)75 emis DJ 15 cm/s 2230 cm/s 145 cm/s 


When carrying out Young’s experiment two times using two different light sources where 
A, > À, keeping the dimensions of the apparatus unchanged then the ratio of the distance 
between the centers of two successive fringes of the same type in case of the first light to 
the distance between the centers of two successive fringes of the same type in case of 


(Ay) 
the second light (буу 18 


Ca) less than 1 (b) greater than 1 


( с) equal to 1 (d) indeterminable 


The opposite figure shows light rays that are " i07 m 2-07 m+; 
n А d H 

produced from a point light source placed Transparent 

inside a transparent liquid. So, the refractive liquid 

index of this liquid is ---- 

(@)14 (b)17 Point light source 


(©)18 


of + 


(4) longitudinal (b) transverse 


(c ) longitudinal and transverse | d electromagnetic 


A thin prism is submerged in water where it deviates the light rays that fall on it from 
the water by an angle of 0.9°. If the refractive index of the prism's material is 1.5 and 
the refractive index of water is 1.33, the apex angle of the prism is е 
approximately. 


(а)8° je s 


If the speed of the light rays through a transparent medium is 2.4 x 108 m/s, then 


the critical angle of the medium with air equals --+-+++++++++1+++++-- - (e 23 x 108 m/s) 
(23949 (b)42.61° (©) 48.2° (1) 53.138 
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о In the double-slit experiment, a student used laser rays of wavelength 632.8 nm and he 
placed the observation screen 1 m away from the double-slit. He finds that the distance 
between the center of the first bright fringe and the center of the central fringe is 3.2 mm, 
so the distance between the two slits is Я 


(19.8 mm T) 198 um 


The following measuring units are equivalent to each other except +++- Б 
(а) kg.m?/s? О! kg/m.s 


{ 9 | N.s/m? © }15/т? 


(5 Firemen use water hoses of narrow nozzles when they extinguish fire because the 
rushing speed of i 4 

(а | water increases by decreasing the cross-sectional area of the nozzle 

(h | water decreases by decreasing the cross-sectional area of the nozzle 

| © | water increases by increasing the cross-sectional area of the nozzle 

( d) water is constant whatever the cross-sectional area of the nozzle changes 


An optical fiber that has a material of refractive index 2.1, is coated by an external layer, 
80 the refractive index of the external layer that makes the critical angle between the two 
layers equal 32? is 
(a) 1.11 


©) 3.96 (@) 4.32 


[15] A light ray falls on one of the faces of a triangular prism at an angle of incidence 60°. 
If the apex angle of the prism is 30? and its refractive index з, „е light 

Lay happier nei 

С D J emerges tangent to the opposite face 

( b) totally reflects and doesn’t emerge at the opposite face 

(©) emerges normal to the opposite face 

( (d) changes its path by 90° 


Ф A thin prism of apex angle 8°, dispersive power of its material is 0.037 and the refractive 
index of its material for the yellow color is 1.54, therefore the angular dispersion of light 


in it equals eese . 


(130° (b) 0.12° (©) 0.14 


0.16° 
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If the refractive index of medium A is double the refractive index of medium В, the ratio 
between the speed of the light'in medium A and the speed of the light in medium B 
equals «9 $ 

OP (6) 2. 
@4 OF 


Light rays fall on two thin prisms, the apex angle of the first prism is double the apex 
angle of the second prism and the refractive index of the first prism is 1.5 and the refractive 
index of the second prism is 1.2. So, the ratio between the angle of deviation of the first 
prism and the angle of deviation of the second prism respectively equals w+- . 


The opposite figure represents a light ray that transfers from 


air to water of refractive index ч , So the relation that represents 


the refraction in this case is - 
(а) 90% sing 4 
sin 0 3 
(OL sin Ө -4 
sin $ 
© 2-H sin (90 — ф) 


^ sinO - 


sin (90 — ф) 
ce [7] 


| 


чө шк 


In the diffraction phenomenon, the waves path changes when they sss... E 
(a) transfer from a medium to another 

(5) fall on a reflecting surface 

© encounters a sharp edge 


(d) collide with another wave 
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ET Answer the following questions (21 : 23) 


Draw on the following graph paper the sine curve (displacement-time) that represents 


two waves of the same kind A and B that propagate in the same medium and have the 


same amplitude but the frequency: of wave A is half the frequency: of wave B. 


An empty tank gets filled with an amount of kerosene of mass 100 kg using a hose where 
the kerosene emerges from its nozzle with a speed of 0.2 m/s, so if the tank is filled 
during 25 minutes, calculate the radius of the hose nozzle. 

(Knowing that: Density of kerosene = 900 0 kis T= 3.14) 


e The opposite figure represents a light ray that falls at an angle 


of 45° on the face (ac) of an equilateral triangular prism that has 


a material of refractive index 42 and its external face (ab) is 


silvered by a reflecting layer. Calculate the angle of emergence 


of the light ray from the prism. 


اله عاصر eos‏ لغات (الکتاب الآساسی )| ۲ث / تا (م (ТА:‏ 
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| First | oose the correct answer (1 


[1] The opposite figure shows a light ray falling perpendicular 
to face yz of a right angle triangular prism of refractive index 


1.6. The prism is submerged in a liquid of refractive index 
1.3, then the angle of incidence of the ray on face xy will 
be 
(а)90° 

( b | greater than the critical angle between the prism and the liquid 


( c J less than the critical angle between the prism and the liquid 
(d) equal to the critical angle between the prism and the liquid 


o If the angle of minimum deviation of a light ray that falls on one of the faces of an | 
equilateral triangular prism is 30°, then +++- А 


The refractive 
emergence index of the prism 

30° 12 | 
30° B 

2 
4 B 

2 
45° 42 | 


© When а wave transfers between two different media, then +++- . 
мз 


The speed of the wave The frequency of the wave 
®© remains constant remains constant 
(b) remains constant changes 
(c, changes remains constant 
( d) changes changes 
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o The opposite figure represents a liquid that A 
flows steadily in a tube where it enters from 
terminal A and emerges from terminal B, 
Therme tani i 
(a ‚ the speed of the liquid at A is equal to the speed of the liquid at В 
(b ; the flow rate of the liquid at A is less than the flow rate of the liquid at B 
(c ` the speed of the liquid at A is less than the speed of the liquid at B 
(d the flow rate of the liquid at A is greater than the flow rate of the liquid at B 


o A light ray falls perpendicularly on one of the faces of a triangular prism of refractive 
index 1.65 and the ray emerges tangent to the opposite face, so the apex angle of the 
prism is «m у 
(а)37° b) 48° ¢) 52° (d) 58° 


о In the steady flow, the ratio between the number of streamlines in the wide cross-section 
of the tube and the number of streamlines in the narrow cross-section of the tube 
jl irm idees v 


(9) greater than 1 (b) less than 1 


(c ) equal to 1 9 the answer can't be determined 


3# In Young's double-slit experiment for measuring the wavelength of the red light, the 
center of the bright fringe of the second order is formed at 4 x 10? m away from the 
center of the central fringe. If the observation screen is 200 cm away from the double-slit 
and the distance between the two slits is 7 x 1074 m, the wavelength of the used red light 
equals es 3 

(а) 680 nm (b) 690 nm (c 700 nm (d) 720 nm 


A sound source produces 60 vibrations within 1.5 s and the produced wave propagates 
in air with a speed of 340 m/s, then the distance between the centers of a compression 
and a successive rarefaction equals 


(3)2.8 m (52425 m 225.67 m 2085 m 


N 
о 
о 
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If the angular dispersion equalize in two thin prisms, where the apex angle of the first 
prism is 6° and its refractive indices for the blue and the red light respectively are 1.68 
and 1.62 and the apex angle of the second prism is 9° and its refractive index for the blue 
light is 1.65, then the refractive index for the red light in the second prism 


(2) 164 (5) 163 (©) 162 (dJ 161 


Water flows steadily through a tube of inner diameter of 3.5 cm with a speed of 0.8 m/s. 
If the density of water is 1000 kg/m’, then the mass flow rate equals e 


(2) 0.385 kg/s (5) 077 kg/s (c) 155 kg/s (4) 1.54 kg/s 


A light ray falls at an angle of 45? on one of the faces of a cuboid that is made of 


a transparent material of refractive index 1.75 and emerges from the opposite face to air, 


Alien rere peace ын â 
The angle of refraction of the light | The angle of emergence of 
= ray inside the cuboid is the light ray from the cuboid is 
( a) 324° 45° 
(5) 324° | 30° 
© | 23.8* | 45° 
@ 233° | 30° 


In the opposite figure, the angle of reflection of the light 


гау on mirror B equals ++--++- . 
(а) 30° (b) 50° 
(4) 90° 


From the factors that affect the viscosity coefficient, ~-=- . 


(а) the area of the moving layer of the fluid 


(b) the temperature of the fluid 
(с) the speed of the fluid І 
(d) thickness of the fluid layer | 
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A light ray falls on a barrier with a very narrow rectangular slit, so the light is diffracted 
and the produced waves were received on a screen forming bright and dark fringes. What 
happens to each of the width and the brightness of the bright fringes as getting away 
from the central fringe on both sides? 


The width The brightness 
(а) Doesn’t change Doesn’t change 
(Б) Doesn’t change Decreases 


Decreases 


Doesn’t change 


Decreases 


@ Decreases 


Ф In the opposite figure, the pendulum makes 
a half of an oscillation when it moves from 
position айнанайын B 
(Ox toz (b)xtoy | 
(c) ytox О ytoz 


When the frequency of a sound wave that propagates in a medium is doubled by its 
source, then its eese H 

(а) wavelength decreases (о its half 

(b) wavelength doubles 

© speed decreases to its half 

@ speed doubles 


The relative refractive index (in) between two media is less than one 
when 


(а) the speed of light in the first medium is greater than its speed in the second medium 

® the angle of incidence in the first medium is greater than the angle of refraction in 
the second medium 

© the absolute refractive index of the first medium is smaller than the absolute 
refractive index of the second medium 


@) the wavelength of light in first medium is smaller than the wavelength of light in 
the second medium 
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© Two light rays 00), © are propagating from the 
source (S) through glass to air as represented by 


the scale which is shown in the figure, then angle 


a is approximately equal tO +--+ F 
(а)27° (b) 39° 
(©) 45° (8) 51* 


[19] The ratio between the deviation angle of the violet light and the deviation angle of the red 
light is 


+ after they emerge from a triangular prism at minimum deviation 


position. 
( (а) greater than 1 ® less than 1 
© equal to 1 Cd) indeterminable 


e In Young's experiment, a monochromatic light of wavelength (A, = 4000 À) is used, then 
the experiment is carried out again with another monochromatic light of wavelength 

(A, = 7000 A. Keeping the other apparatus dimensions unchanged, so the ratio of the 
separating distance between the centers of two successive fringes of the same type in the 


(Ay), 
two cases ( ( ay.) equals сес 
or OB 34 1 
(а) 15 (һ) 15 (c) 7 OF 


| second Answer the following questions (21 : 23) 


It’s noticed that the aquatic plants in the Nile river are found near the riverside and not in 


the middle of the watercourse. Explain this sentence. 
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A body is suspended in a vertical spring coil besides a ruler where 
it vibrates between the marks 10 cm, 60 cm, calculate the distance | 
covered by the body during two complete vibrations. 


If you have two flexible transparent materials A and B where the refractive index 


material A is larger than that of B and we want to use them to make an optical fiber 


which has two layers, then which of them is used to make the inner core of the optical 


fiber and which of them is used to make the external layer of it? And why? 


General Exam 7 


| First | se the correct answer (1 


[1] Tn the opposite figure, the angle of reflection of 
the light ray from the mirror equals ~+- E 
(2) 30° (OL 
(©) 60° ®© 120° 


e During the vibration of the pendulum shown in 
the opposite figure, the velocity of the pendulum 
load equals zero at «e 
(а) position X only 1b) position Y only 
(c J position Z only (d) positions X and Z 


© In Young’s experiment a yellow light source is used to form interference fringes on 
the observation screen. So, to make the interference fringes more distant from each 


AEE, аа light source should be used. 
(3) green (b) violet 
( (с; ) blue ( d) red 


o The bottom of a swimming pool may not be seen when looking at it from the air because 
of the «n of the light. 

a) interference (b) diffraction 

(©) total internal reflection 


© The ratio between the first refraction angle and the second angle of incidence in a 
ө 


triangular prism that is set at the minimum deviation position 69 i 
2 

(@) greater than one (b) less than one 

(c) equal to one (d> indeterminable 


304. 
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o If the refractive index of diamond is 2.4, then the maximum angle of incidence of a light 
ray that falls inside the diamond to emerge to the air equals »-+--++++++-++++++--- + 
(2) 40.22 ©) 362° (с) 324 (O 24.6° 


The opposite graph shows the relation between the angle Co (degree) 
of deviation (o) of light for several thin prisms that have 
the same apex angle and the refractive index (n) of 

the material of these prisms, then the apex angle of 

any one of them equals +: 
Ge Qe 
(с) 8° @ 10° 


o The opposite figure represents a light ray that falls 
normally on one of the faces of a triangular prism 
of refractive index 1.5, so its emergence angle from 


the prism equals »+++-:+++++1-+++- А 
(4) 30° (5) ase 
(©) 48.59° @ 60° 


A tangential force acts on a wooden plate to slide on a layer of liquid that covers 
the ground of a hall. If this force is doubled, then the viscosity coefficient of 
the liquid сзсз ее не 4 

(а) decreases to its quarter 

(b decreases to its half 


© increases to the double 


@ doesn’t change 


® Which of the following graphs represents the relation between the speed of propagation 
for different sound waves (v) in air and the frequency (v) for each of them? 
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A triangular prism of apex angle 45° and refractive index 1.66 is submerged in a liquid 
of refractive index 1.33. If the prism is in the minimum deviation position, the angle of 
deviation of light in the prism in this case equals 


(#)9.29° (b)1206 


In the opposite figure, when liquid A is placed between —v 


the two plates and the upper plate is affected by a y» & F 
tangential force of 100N, the plate moves with a uniform Е 
speed of 0.2 m/s and when replacing liquid А by liquid y й А plate 


B and the upper plate is affected by a tangential force 
of 50 N, the plate moves with a uniform speed 0.4 m/s, 


then the ratio between the viscosity coefficients of the 


, (ae. A) 
two liquid : 
wo liquids Op is 
2. Bl a) 2. ne 

(OL (53 ©? (OL 
Ф The opposite figure shows an isosceles right angle triangular 

prism of refractive index 1.5. If a light ray falls on one of its 

faces parallel to the base, it emerges from the opposite face 

with an angle of emergence that equals + 

G a) 16,87° 0 ) 25.8° (с) 28.1° (d) 45° 
Ф The opposite graph shows the relation between the d(m) 

vertical displacement of the motion of a medium 

particle (d) and the time (t) of a wave. If the time B 


interval between A and B is 0.15 s, then the frequency 


of the wave equals A t(s) 
(a) is Hz 

5 Hz 
The opposite graph shows the speed of light in The speed of light 


four media A, B, C and D, then the optically 
denser medium is 


(а) medium А © ) medium B 
©) medium C @ medium D | 5 Medium 


» General Exams ? 


A thin prism whose material refractive index for yellow light is 1.5, therefore the 
refractive indices of the prism's material for red and blue lights are -14 
respectively. 

(2)13,14 (5)16,17 ©) 14, 16 @ 13,16 


[7] 3K Three students A, B, C carried out Young's double-slit experiment using a red laser 
beam and the following table shows the distances between the parts of the experiment 
that is carried out by each one of them. 


| Student (A) | Student (B) | Student (C) 
The separating distance between 


0.15 mm | 0.175 mm | 0.15 mm 


the two slits 
‘Nhe distance between the abeeryation,) e 08m 0.8m 
screen and the double slit й Ы i J 
Therefore, the arrangement of the three students according to the resolution of 
interference that is obtained in the experiments is +++- 
@)C<A<B (b)B«A«C (c)C«B«A (d)A«B«C 


© Three water taps were ей, each one separately to fill a basin. x1 first filled the basin 
in one hour, the second in i an hour while the third filled it in i an hour, then the time 
required to fill the basin when opening all taps together equals 


(0) 4 hour (b + hour (© $ hour 


Bright fringes and dark fringes are produced in each of interference and diffraction 
phenomena of light. Does the distance between the centers of two successive fringes 
of the same type differ in each of the two phenomena? 


Interference phenomenon Diffraction phenomenon 
Differs Differs 
Differs Doesn’t differ 
Doesn’t differ Differs 
Е Doesr't differ Doesr't differ 
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e Tn the opposite figure, the apex angle of the triangular 


prism is «m 4 
(2)30* (Б) 60» 
Ow @ 90° 


| second Answer the following questions (21 : 23) 


e Explain why firemen use hoses with narrow nozzles 
as in the opposite figure when they extinguish fires. 
And what happens if hoses of wider nozzles are used? 


A wave travels between two different media (1), (2) where its wavelength in one medium 


is larger than its wavelength in the other medium by 10 cm. If the ratio between the 
x 
speeds of the wave in the two media is Gt = 2) calculate the wavelength of the wave 
2 


in medium (1). 


e The opposite figure shows light rays that 
fall from a liquid on the interface with 
air, calculate: 
(a) The value of angle Ө. 
(b) The absolute refractive index of the liquid. 


| First | hoose the correct answer (1 : 20) 


1] A water pipe of diameter 2.5 cm is used to pour an amount of water of mass 11 kg in 
a bowl. If it takes 10 s to pour this amount into the bowl, then the speed of the water 


while emerging from the pipe equals <... 
(Knowing that: p... = 1000 kg/m), t= EN ) 


(©) 2 m/s (5) 2.24 m/s (c)3 mis (d) 3.32 m/s 


water 


(2) If the ratio Ren the frequency of the sound of a man and the frequency of the sound 
of a girl is > i , then the ratio between the speed of the man's sound and the speed of 
the girl's sound in air respectively equals +++- E 


(а) 4 ® + c i DE 


o9 A thin prism whose refractive index for the blue light is 1.72 and refractive index for 
the red light is 1.68, hence its average refractive index equals -- 
(3) 1.66 b) 169 €)17 (4) 171 


o The graph that represents the relation between the speed of light EM in several media and 
the absolute refractive index (n) for each of them is +t 


ASAN 


8 In the opposite figure, two thin prisms x, y of refractive indices 1.5, x 
1.6 respectively are positioned opposite to each other. If the apex 

angle of prism x is 9° then the apex angle of prism y that cancels the 

deviation of light beam due to prism x equals -tti . 

ce а) )8° )7.5° 

) 1) 6° 
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In the opposite figure, a light ray xy falls on a plane 


mirror in position (a), then the mirror is rotated with an 
angle 0 about an axis perpendicular to the page at the 
point of incidence to be in position (b), so the angle of 
reflection increases by a value Of -111+ 

ө 


o OH Oe 


A hammer beats one end of a very long metal tube where there is a detector at the other 
end of the tube that detects two sounds with a time difference between them of 0.2 s. If 
the speed of sound in air is 320 m/s and in the metal of the tube is 5000 m/s, then the 


length of the metal tube is approximately --- 
(178m (6)343 m 


(4) 68.4 m 


The opposite figure shows a tube that carries a steadily г 

flowing liquid. If the speed of the liquid at the two 

cross-sections of the tube (x and y) are 0.1 m/s and 

0.625 m/s respectively, then the ratio between the radii 
г, 

of the tube (2) equals 


2 i » 
(ad (52 (osz 


In Young's double-slit experiment, a light of wavelength À passes through two slits where 


the distance between them is d, so interference fringes appear on the observation screen that 
is at a distance R from the slits. If another light of wavelength 1.5 А. is used, the distance 


between the two slits should be «+--+» to have the same interference pattern. 
OE b) ade (c) ( 
Ts (б) 75 (©) 0.75 а a) 15d 


The critical angle between two media of different optical densities is 53.13°. If 
the absolute refractive index of the denser medium is $ , then the absolute refractive 
index of the rarer medium is equal to --- С 


(9) 1.33 (b) 1.51 (167 (a) 2.33 


A triangular prism of apex angle 45° and refractive index 1.6 is set on the minimum 


deviation position, so the angle of incidence of the light ray equals ---- 
(a) 13.8° (Б) 173° (©) 30.5° OES 


pe 
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When a light ray transfers from an optically rarer medium to an optically denser medium 
with an angle of incidence that doesn't equal zero, the light ray ++--++ . 
( з) reflects on itself (b) refracts 


( c ) totally reflects ( d ) doesn't suffer any deviation 


Water flows with speed v through a main pipe that is branched into a number of pipes each of 


diameter $ of the main pipe’s diameter. So, to keep the speed of flow in the branched pipes 


the same as in the main pipe, the number of the branched pipes should be 


(4) 100 (b) 125 (©) 200 


Direction of wave motion 
——— 


Ф In the opposite figure, point A represents the position 
of one of the medium molecules in which a transverse 


wave is propagating at a certain moment. If this point 


has become a trough after 1.5 s from this moment, so 


the periodic time of this wave equals 
(a)2s ás 


The opposite figure represents a light ray that falls on one 
of the faces of a glass cuboid of refractive index 1.5, so 
the angle between the reflected ray and the refracted ray 


GALS аза 
(к) 93° (E) 939° Eog 


The opposite graph represents the relation between the 


frequency (0) and the reciprocal of the periodic time 2 
with the same scale for a group of tuning forks that vibrate Fá 


in air, so the value of Ө equals ---.---- е 


(a) 30° (b) 45° (©) 60° 


The adjacent fringe to the central fringe in Young's double-slit experiment is «e 
La ) always bright (b) always dark (с) determined by the medium 


{ a) determined by the wavelength of the used light 


in summer respectively iS tt : 
(^) greater than 1 (6) less than 1 
(©) equal to 1 (4) indeterminable 


A light ray is incident from air with an angle 
of incidence into an optical fiber of material 
refractive index 1.7, so it gets refracted then 
totally reflected at point c with a reflection 
angle 60°, as in the opposite figure, therefore 
the angle of incidence ф of the ray into the fiber 
equals : 

(@)38.2° 


(b) 58.2° 


Two parallel light rays, one is blue and the other is green, fall on the boundary surface 
from an optically denser medium to an optically rarer medium, If the angle of refraction 
of the green ray is 90°, then the blue ray e 


refracts towards the normal ( b J emerges without suffering any deviation 


(£) refracts away from the normal (d) totally reflects 


ERE Answer the following questions (21 : 23) 


e What happens to the momentum of a metal ball during its falling in a viscous liquid? Explain. 


e In the opposite figure, a light ray falls on an 
equilateral prism of refractive index 12, 
then find: 

(a) The angle of emergence of the ray from the prism. 
(b) The angle of deviation of the ray in the prism. 


e Mention two differences between diffraction fringes and interference fringes. 


General Exam 9 


| First | hoose the correct answer (1 : 20) 


[1] The opposite figure shows a light ray that falls Reflecting 
E 


on a reflecting surface, so its angle of reflection эше 


140° 
equals «mm 
(a ) 40° (b) 50° 
(c) 60° @® 90° 


e A flat metal plate of surface area 0.0375 т? slides quickly with a uniform velocity 0.2 m/s 
on another static plate where there is a liquid layer between them of thickness 3 mm. 

If the viscosity coefficient of the liquid is 0.25 N.s/m’, then the tangential force that acts on 
the sliding plate equals ss... E 

(8)055N (20.625 N (e) 0732 № d)078 N 


© A light гау falls at an angle of incidence ф оп one of the faces of a triangular prism of an 
] apex angle 35°, then it emerges perpendicularly from the opposite face. If the refractive 
index of the prism's material is 1.5, then the value of à is ~e + 

(a) 45° (b) 52.47° (€) 59.36° (4) 75° 


o The opposite graph shows the relations between the speeds (v) à 
of two different waves (A and B) and their wavelengths (A) when 

| they propagate through different media, so which of the following B 
| relations is correct for the frequencies (0) of the two waves? 


| (3) V, < Ug (BJ U, zug #0 " 
>) (Qd) =, = 
(C)v, 7 Ug div, =v, 20 


© If a light ray passes through a slit of width 6 x 107^ mm, then the diffraction resolution 
will be much better when the wavelength of the light ray equals 
(1) 400 nm 5) 450 nm ©) 550 am d) 650 nm 
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3# A light beam falls on the surface of a transparent material that has a refractive index 


of 1.55. If the confined angle between the reflected and the refracted rays is 90°, therefore 


the angle of incidence of the light beam equals ------------------------ approximately. 
(Knowing that: sin (90 — Ө) = cos Ө) 
(215 (b)30* ( @ 


The opposite figure shows the motion of a simple 

pendulum from X to O, if the distances NO, MN 

and LM are equal and the time intervals taken by 

the pendulum to cover these distances are T, T, T; х 
respectively, then which of the following relations 


is correct? f 
(8)7, «T, - T; (b) T,» T, » T, 
Or » T,» T, (8)T, «T, - T, 


o If the relative refractive index from medium A to medium B is d ‚ So the angle of 
2 
incidence in one of the two media that makes the ray emerges to the other medium tangent 
to the separating surface between them equals ------------------------. : 


(OLY (b)45* OE (@)зо° 


o If the temperature of a viscous liquid increases, then сезсе . 


Hr 
(©) increases increases 
(b) decreases increases 
(9 increases decreases 
(à) decreases decreases 


[10] A thin prism of an apex angle 10° deviates the yellow rays that fall on it by an angle of 5°, 
then the refractive index of its material for the yellow light equals . 


(а)145 @15 ©) 1.56 


a 


-— = » General Exams a 
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Water flows steadily with a speed of 0.3 m/s in a tube to fill a tank of volume 30 m? 
within 15 minutes, so the cross-sectional area of the tube equals e 


(250.11 m? (6) 1m? (©) 6.67 m? 


The opposite figure represents a simple pendulum that moves in 


a simple harmonic motion, so the ratio between the potential energies 


of the load at the two positions B and C respectively iS -++--++ . 
(b) L 

4 
(d) 1 


A light гау falls perpendicularly on опе of (ће faces of a triangular prism of an apex 
angle 38°, then it emerges tangent to the opposite face, so the refractive index of the 


prism’s material is 


(a) 1.53 


(1) violet (b) blue (©) yellow 


The opposite graph represents the variation of the deviation 

angle (œo) for a light ray in many thin prisms having the same apex 
angle versus the refractive index (n) of their materials, so the value 
OP Nie atl 3-8. Spyies я 


(8)1.5 ®2 
©з @4 


When a liquid flows steadily, which of the following choices for the volume flow rate 


and the mass flow rate is correct? 


Mass flow rate | Volume flow rate 
(а) Variable Constant 
(b) Variable Variable 
© Constant | Constant 
(d) Constant Variable 
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The opposite figure shows a light ray falls perpendicularly on one 
of the faces of a triangular prism that is immersed in a liquid of 


refractive index 1.33. If the critical angle of the prism's material `~ 
with air is 42°, then the incident light ray at point b -1 : 
(*) gets totally reflected 


(o ) gets refracted away from the normal line 
(©) gets refracted tangent to the face of the prism 


(d) gets refracted toward the normal line 


A light ray falls on one of the faces of an equilateral triangular prism at angle of 40°, 
and it refracts parallel to the base of the prism, so it emerges at angle of -- 


(a) 20° (640° (с) 60° 


A light ray falls normal to one of the faces of an equilateral triangular prism, so 
the second angle of incidence (ф,) equals 
(4) 30° (u) 45° (c) 60° (d) 90° 


| Second Answer the following questions (21 : 23) 


The chance of occurrence of mirage phenomenon increases by the increase of 


the temperature of air. Explain. 


A vibrating body produces a sound and makes a complete vibration every 4 ms, so 
the sound reaches a man at 136 m from the body 0.4 s later after producing it, calculate 
the distance between the centers of a compression and a successive rarefaction. 


» General Exams 2 
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A student used a monochromatic light in Young's double-slit experiment. If the distance 
between the two slits was 8 x 10? m while the distance between the double-slit and the 


observation screen of the fringes was 100 cm and the distance between the centers of two 


successive fringes of the same kind was 6 mm, calculate the frequency of the used light. 
(Knowing that: The speed of the light in air is 3 x 10° m/s) 


General Exam 1 0 


| First | oose the correct answer (1: 20) 


o A tangential force acts on a plastic plate of area 240 ст? to slide it with a speed of 
0.4 m/s on another static plate where there is a layer of liquid of thickness 5 mm 
between them. If the viscosity coefficient of the liquid is 2.1 N.s/m?, then 


the tangential force that acts on the plastic plate equals -+1111 Я 
(2)3N b)4N ()6N (D9N 


o A monochromatic light of wavelength 6000 À falls on a double slit. If the distance 
between the two slits is 0.001 m and the distance between the slits and the observation 
screen is 100 cm, then the distance between the fourth bright fringe and the fifth bright 
fringe equals · 


(220.003 m (b) 0.012 т (c)9 x 10-4 m (d) 6 x 104m 


Ө A thin prism of average refractive index 1.5 and the ratio between the refractive indices 


of the prism’s material for blue and red lights (>) equals + , therefore the refractive 
T 
index of prism's material for blue light (ny) equals «A . 
(8)14 (Б) 15 (с)16 @17 
o The opposite graph shows the relation between © (degree) 


the apex angle (A) of several thin prisms that 
are made of the same material and the angle 
of deviation (œo) of a light ray through each 
of them, so the refractive index of the prisms’ 


material is а Я 
(а)1з )14 
©15 (d) 175 


» General Exams a 
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o A pipe that has two different cross-sectional areas, one at the ground floor of 15 cm? and 
one at the upper floor of 2.5 cm? and water flows steadily through it. If the speed of water 
at the ground floor is 2 m/s, then ~+ . 


The volume flow The speed of water at 

rate (m/s) the upper floor (m/s) 
(a) 103 10 
(b) 10? 12 
(с) 3x10? 10 
(4) 3x10? 2 


When a light ray falls on one of the faces of an equilateral triangular prism in the position 
of minimum deviation, the second angle of incidence equals 
(3)30* OLS ©) 60° 


If the radius of a tube that carries a steadily flowing liquid decreases to its half, then 
the mass flow rate 


( D ) remains constant (b) decreases to its quarter 
(©) doubles (d) quadruples 


A student uses in the double-slit experiment laser rays of wavelength 6328 A. If the 


distance between the double slit and the observation screen is 85 cm and the distance 
between the centers of the central fringe and the fourth bright fringe is 1.8 mm, then 
the distance between the two slits is -- 


(2) 0.68 mm (b)0.8 mm 


: approximately. 


(c)1 mm (d) L2mm 


on one of the faces of a triangular prism in the minimum 
deviation position. 


If the refractive index of the prism's material is 1.366, then 
the angle of emergence and the minimum deviation angle 
respectively. 


©) 75°, 45° (2) 75°, 60° 


| 
210 


Ф If the speed of light in the two media X and Y аге 2.4 x 105 m/s and 1.8 x 10° m/s 
respectively, then the critical angle between the two media is -117111111 У 
(а) 48.59° in medium X 
(b) 48.50? in medium Y 
©) 53.13° in medium X 
(1) 53.13? in medium Y 


[OLEI (5) L5 (172 


(d) 2.39 


The interference of light becomes less noticeable in Young's experiment when -1 + 


(©) the distance between the two slits increases 
(d J the wavelength of the used light increases 


In the opposite figure, if the refractive index of 
the prism's material xi the light ray that falls 
on the face ab -- eM 


С а) using light of very high intensity 
(b |) the distance between the two slits decreases 


(a ) emerges tangent to this face 

(b) emerges by angle of emergence of 60° 
Ce) totally reflects 

@) emerges by angle of emergence of 70° 


© The opposite figure represents the relation between the 
displacement (d) for one of the particles of a certain 
medium through which a wave is moving and the time (t), 
then the wave speed is 
(a ) 0.2 cm/s ( b) 0.4 cm/s 
d) 8 cm/s 


(c) 6 cm/s (d 


d(cm) 


-2cm 


t(s) 
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© The opposite figure represents a light ray that transfers 

from medium (A) to medium ®, so the ratio between | 
the speed of light in medium ® and the speed of light 5 
in medium (B) iS +1111 
(а) greater than 1 

(b) less than 1 

Ө ) equal to 1 


( О we can't determine the answer without knowing the values of $, Ө 


Ф In the simple pendulum, which of the following physical quantities doesn’t change during 
the motion of the pendulum? 

(4) Displacement (b) Velocity 

(с) Potential energy (d) Mechanical energy 


[17] The angle of deviation in the thin prism depends on all of the following 
except «me 

(^) the apex angle of the prism 

(b) the first angle of incidence 

(с) the wavelength of the falling light 


(d) the type of the prism's material 


[15] When the periodic time of a wave moving in a medium increases, =e + 


(а) the wavelength increases 


(b) the wavelength decreases 
(с) the speed increases 
( d |) the speed decreases 


A large tube of diameter 30 cm is branched into a number of narrow tubes each of radius 
30 mm. If the water flows steadily in the tube and the speed of the water passing in 

the wide tube equals the speed of the water in the narrow tube, then the number of the 
narrow tubes equals --- 
(2)25 
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[20] The opposite figure represents a hill that 
separates between a TV transmission station 
and a house. Although the hill acts as a shield 
for the station but the house receives the TV 


channel perfectly, so what happened to the TV 
waves at the hill? 

(4) Refraction (b) Diffraction 

(c) Interference (d ) Reflection 


| second, Answer the following questions (21 : 23) 


e In the opposite figure a simple pendulum is displaced from its 
original position, then it is left to swing with a simple harmonic 
motion, at which position the speed of the pendulum's bob 
becomes maximum? Why ? / 


e From your study of the concept of viscosity, what is the advice that you can give to 
the drivers to save fuel on high roads? 


e From the opposite figure, calculate 1 ! 
the value of angles 0 and 6, 
(Knowing that: sin (90 — Ө) = cos Ө) 
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Exams 2023 


eneral exam € 1) у | 
First Choose the correct answer (1:21) 


@ A thin prism has an apex angle 9°, refractive index of 1.72 for the blue lig) 


for the red light, then the angular dispersion of the prism equals ----- 


(@)0.12° (©) 0.24° (6 )0.28° 0.36° 


(2) In the opposite figure, a light ray falls from medium (a) at angle 
45° on the separating surface with medium (b), where it deviates 
from its original path by an angle of 45°, so the relative refractive 


index between the two media (д1) equals <... 


G2 OF 
oF Op 


(a) (b) 


M 


© The opposite (displacement - time) graph d(cm) 
represents a body that moves a simple 


l 
f 
i 


harmonic motion, SO «nt 


EN 
С The amplitude (cm) | The frequency (Hz) 


(а) 01 4 
(5 0.05 2 


0.1 0.5 


© 
Om 0.05 0.25 


SS 


M 


© A layer of a viscous liquid of thickness 3 cm and viscosity coefficient 1.2 kg/m.s is placed 


between two horizontal parallel plates. Tf a tangential force of 1.6 N acts on the upper plate to 


move it with a uniform speed of 1 m/s, then the area of the upper plate equals +1111 к 
(@)200 ст? (Б)300 cm? (©)0.04 m? (1) 0.05 m? 
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© A liquid flows steadily with speed v through a tube of radius r that ends by a spout of 
radius 0.5 т, so the speed of the liquid in the narrow end equals -- 
0.25 v (0.5 у (c)2v Lay 


Мы 


| 
o If the angle of minimum deviation of a light ray that falls on one of the faces of | 
an equilateral triangular prism is 60°, the refractive index of the prisn: material 
for the incident light equals «m & 


2 (Ls c)16 з 


(© In Young's experiment, a monochromatic light of wavelength б, = 4000 A) is used, then t 
experiment is carried out again with another monochromatic light of wavelength A= 7000 А), 
So, the ratio of the separating i between the centers of two successive fringes of the 


(Ay 
same type in the two cases (a> (y, 


ету 8 14 4 Л 
Os 15 © Or 


3) equals кесеге Ses Rd идеб 2 


M. 


e If red and blue light rays fall with the same angle of incidence ф on the Separating 

surface from the optically rarer medium to an optically denser medium, then the ratio 
0 

between the angle of refraction of red light and the angle of refraction of blue light (s) 


а b 
in the optically denser medium is -----------.............. * 


(a) greater than 1 (©) less than 1 © equal to 1 ^ indeterminable 
p 


© The cross-sectional areas of the two ends of a tube аге 0.005 m2 and 0.01 m2. If water 
flows through the tube steadily and the volume of the flowing water within 15 minutes 


is 9 m?, Tien veremos 
The speed of the water The speed of the water in 
in the wide cross-section the narrow cross-section 
(a) 0.6 m/s 1.5 m/s 
| K b) 1 m/s L5 m/s 


| (c) 0.6 m/s 2 m/s 


© 1 m/s 2 m/s 
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а — - General Exams 2‏ س 
e‏ 


© A vibrating object makes 100 complete vibrations through 10 s, hence the frequency of 
the object equals sesa... А 


(8 10 Hz 12 Hz 30 Hz 60 Hz 


@ In double slit experiment, a light ray falls on the double-slit where the distance between 
the two slits is 0.19 mm and they are 90 cm away from the observation screen. If the 


distance between the central fringe and the first bright fringe is 3 x 1075 m, so the 
wavelength of the used light is 


(3) 490 nm (©) 520 nm (©) 603 nm @ 633 nm 


@ The opposite figure represents the motion of 

a vibrating string, so the velocity of the string 

is maximum at «m s 

(3) point a ©) point b 

© points b and c (© points a and c 


A. 


(13] Four identical solid balls are dropped from the same height into four cylinders that 


contain the same amount of different liquids while the time that is taken by each ball to 


reach the bottom of the cylinder is recorded as the following table: 


Cylinder Time 
1 E 025 
2 | 035 
3 0.6 s 
4 | 1$ 


Which cylinder contains the liquid of the highest viscosity? 


@ Cylinder 1 (6) Cylinder 2 (©) Cylinder 3 @ cylinder 4 


A 


2393[ العا ص فيزياء لغات (الكتاب Cue‏ / ۲ث / ترم (ТҮ: D v‏ 


=] 1 | 
>< 
ы 


@ When a light of wavelength À is used in Young's double-slit experiment, the central 
fringe is formed at a certain position because the path difference between the two 
interfered waves at that position is equal to +--+ . 


(2)15А (5X 0.5% 0 
© We don't hear the sounds of explosions that happen in the Sun because they are -- 

Ө, very far (b |) transverse waves 

(o electromagnetic waves © mechanical waves 


@ Ifa light ray transfers from medium a to medium b where the angle of incidence ф is greater 
than the angle of refraction 6, the relative refractive index (a, )is m . 


© greater than 1 (©) less than 1 
© equal to 1 © the answer is indeterminable 


А @ A blue light source is immersed under the surface of water at a certain depth to form blue 
light circular spot on the surface of water. If the blue light source is replaced by a red 
light source, then the light spot at the water surface «1111: . 


(а) vanishes 0 decreases in area 
(с) keeps its area (d) increases in area 


(5 If the ratio between the apex angles of two thin prisms of the same material equals = 2 
then the ratio between the dispersive powers of them respectively equals e 


а 
(1 9$ or 22 


© If the volume flow rate of a liquid is О, in a pipe that is branched into four branches of 
the same cross-sectional area, then the ‘flow rate in each branch equals -- 


(8)4Q, (5 20, (30, o 10, 


„итии 


e» In the opposite figure, a tone of frequency 5000 Hz 
is produced due to the vibration of a guitar string, 
then the periodic time of the vibrating string in ms 


equals ——— . 


(8)2 x 107^ (6)5 x 107* 
(02 (905 
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? 


ight ra Р 
0 ea i гы On one of the faces of a triangular prism of apex angle 40° with an 
o 
wE на чке of 60° to emerge normally from the other face, then the refractive 
index of the prism ВОЛА Бано 


(а)15 141 135 071 


Emm Answer the following questions (22:27) 


@ A thin prism of apex angle 8° and refractive index 1.5 is totally submerged in water of 


cm. 4 
refractive index 3» calculate the angle of deviation of light rays in the prism. 


(23] People in the high floors feel wind speed more than those in the lower floors. 
Explain why? 


e A plastic transparent plate of refractive index 1.5 is 
used to make an aquarium. If a light ray gets reflected 
from a fish inside the water and falls on the plastic plate 
at an angle of incidence 35° as in the opposite figure, 
calculate the emergence angle of the light ray to the air. 
33) 


(Knowing that: nater = 


. 291 


EXAM 


e The opposite figure shows a light ray that falls on 


a triangular prism of refractive index 1.5, trace 


the path of the light ray in the prism. 


e The opposite graph shows the relation between d(cm) 


the displacement (d) of a particle in a medium 
and the time (t) for two waves A and B, find 


the speed of propagation of each wave in 
the medium. 


о 
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If the critical angle of water relative to air is 48° and the critical angle of oil relative to air 


is 44°, calculate: 
(a) The relative refractive index from water to oil. 


(b) The critical angle between water and oil. 


ف 


| First | Choose tlie correct answer (1:21) 


А water pipe of diameter 2.5 cm is used to pour an amount of water of mass 11 kg in 
a bowl: Jf it takes 10 s to pour this amount in the bowl, then the speed of the water while 
emerging from the pipe equals зеен | 


(Knowing that: p... = 1000 kg/m?, r= 22) 


®© 2 m/s 2.24 m/s 3 m/s 3.32 m/s 
— 


water 


(2) If the ratio Pe the frequency of the sound of a man and the frequency of the sound 
of a girl is 7, then the ratio between the speed of the man’s sound and the speed of 
the girl's sound in air respectively equals 7 : 

a 3 4 9 
@ т (2 (0$ 16 
NL 
@ A thin prism has apex angle 9°, 
index for the red light 1.68, hence its average refractive index equals -= 


(3) 1.66 (Б) 1.69 (17 (2n 


, refractive index for the blue light 1.72 and refractive 


pL EN 


A 
Ө In the opposite figure, two prisms x, y of refractive indices 
e to each other. If the apex 


1.5, 1.6 are positioned opposit 

of x is 9° then the apex of y that cancels the deviation of 
light beam due to prism x equals 777777 
Or 75 

(Or e 4 
293 


12 э — 


(4) In the opposite figure, a light ray xy falls on a plane 

mirror in position (a), then the mirror is rotated with y 
angle 0 about an axis perpendicular to the page at the L 
point of incidence to be in the position (b), so the angle 

of reflection increases by a value of esses * 


or (OH 


M 


© A hammer beats опе end of a very long tube where there is a detector at the othe: 
of the tube that detects two sounds with a time difference between them of 0.2 s. 11 


speed of sound in air is 320 m/s and in the metal is 5000 m/s, then the length of 
the tube is approximately «s . 


(а) 118m (5)343 m (c)49m (Û 684 m 


© The opposite figure shows a tube that carries a steadily 
flowing liquid. If the speed of the liquid at the two 
cross-sections of the tube (x and y) are 0.1 m/s and 
0.625 m/s respectively, then the ratio between the radii 


of the tube (2) equals A à 
2 


быы 


o In Young's experiment, a blue light of wavelength A passes through two slits where the 
distance between them is d, so interference fringes appear on the observation sc 


(52 © 


ale 
^| 


reen that 
is at a distance R from the slits. If another light of wavelength 1.5 A is used, the distance 


between the two slits should be «+--+: to have the same interference pattern, 
d d 


> fe 
Оук; ors (с)олза (O15 d 
M 


® The critical angle between two media of different optical densities is 53,13°. If 
the absolute refractive index of the denser medium is 3, then the absolute refractive 


index of the rarer medium is +e- ` 


(8) 133 (5) 151 (c)167 @ 233 
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LJ 


A triangular prism of apex angle 45° ТИС" 
gle 45° and refractive index 1.6 is set on the minimum 


deviation position, so the angle of incidence of the light ray equals - 
113.8 : е light ray equals emen Р 
(a) 13 PN (b) 173 (с) 305 (ns 


When a light ra 


transfers fr T А 
i from an optically rarer medium to an optically denser medium 


with an angle c dence that doesn't equal zero, the light ray «77777777 ° 
^3 reflects on itself Y 

qua elf (©) refracts toward the normal 
(c) refracts away from the normal doesn't suffer any deviation 


(9 Water ae with speed v through a main pipe that is branched into a number of pipes each of 
diameter те of the main pipe's diameter. So, to keep the speed of flow in the branched pipes 
the same as in the main pipe, the number of the branched pipes should be 


® 100 (Б) 125 Ө! 200 


3 


0 In the opposite figure, point A represents the position Direction of wave motion 


of one of the medium molecules in which a transverse 
wave is propagating at a certain moment. If this point 
has become a trough after 1.5 5 from this moment, so 
the periodic time of this wave equals «7m 


@)2s (4s c)6s 


(5 The opposite figure represents à light ray that falls on one i 

up 50°! 
of the faces of a glass cuboid of refractive index 1.5, 50 | 
the angle between the reflected ray and the refracted ray | 


equals «nn Р 
(2) 93° (6) 93.9° 
O (d) 993° 


@ The opposite graph represents the 


; aay di 
frequency (0) and the reciprocal of the periodic time Gp 
onant forks that vibrate 


relation between the 


with the same scale for a group of Tes 


in air, so the value of 0 equals 
(@)30° (®) 45° 
V © 60° @ 15° 
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© The adjacent fringe to the central fringe in Young's double-slit experiment is е 
Ө always bright (0) always dark (c) determined by the medium 

© determined by the wavelength of the used light 
M. 


® The frequency of a wave that propagates through a medium depends оп +s ` 


(3) the amplitude of the wave (5) the source frequency 
" ©) the speed of the wave © strength of the wave 


© The ratio between the viscosity coefficient of honey in winter and its viscosity coefficient 
in summer respectively is 


@) greater than 1 Ө! less than 1 


"T (с) equal to 1 @ indeterminable 


e The dispersion power of a thin prism depends опе. a 
© the angle of incidence of the beam on the prism 
(b) the intensity of the incident light on the prism 
© the apex angle of the prism 

C © the refractive index of the prism 


@ Two parallel light rays, one is blue and the other is green, fall on the boundary surface 
from an optically denser medium to an optically rarer medium. If the angle of refraction 
of the green ray is 90°, then the blue ray 


@ refracts towards the normal ® emerges without suffering any deviation 
©) refracts away from the normal @ totally reflects 
کک‎ 


EE Answer the following questions (22: 27) 
(@ Machines should be lubricated regularly. Explain why? 


E 


© In Young’s experiment, a laser beam of wavelen 


gth 575 nm is used. If the observation 
slit, the distance between the center 
ght fringe becomes 2.75 mm. Calculate 


screen is placed at a distance of 2.75 m from the double... 
of the central fringe and the center of the first bri 
the distance between the two slits. 
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-= General Exams ? 


(@ What happens to the momentum of a solid body when it falls from air into water? 


@ In the opposite figure, a light ray falls on an 
equilateral prism of refractive index 12 У 
then find : ms 


(a) The angle of emergence of the ray from the prism. 


(b) The angle of deviation of the ray in the prism. 


A 
@ A body is suspended in a vertical spring coil besides a ruler where it 
| vibrates between the marks 10 cm, 60 cm. calculate : 


(a) The amplitude of vibration of the body. 


(b) The distance covered by the body during two vibrations. 


angle of 55° on the separating surface with water. If 
the absolute refractive indices of glass and water are 
1.58 and 1.33 respectively, will the light ray totally 
reflect inside glass or emerge to water? And why? 


Q^: y ترم‎ | ox | ) الکتاب الاساسی‎ ( StS فیزیاء‎ pall [297 


| First | Choose the correct answer (1221) 


© In Young's experiment a blue light of wavelength A is used to pass through two slits 
Where the distance between them is d, so interference fringes appear on the observation 
Screen which is at a distance R from the slits. If another light of wave 5 is used, 
then to have the same pattern of interference, the observation screen should bo ^ 
à distance Of ss from the slits. 
R G 
9 (c) 075 R GU LSR 


@ The speed of light in а transparent medium is 2 x 10? m/s and its speed in another 


м 


LE 


medium is 2.4 x 108 m/s, then the ratio between the sine of the critical angle of 


the first medium with air and the sine of the critical angle of the second medium 
СВУ 
with air Gs Ф) equals es , 


on Oş ©} 94 


A wooden floor is covered with a layer of viscous liquid of thickness 2 rn 
a rectangular plate of area 0.12 m? slides on it with velocity 0.75 m/s whe 
by a tangential force of 126 №, then the viscosity coeffic! 
COALS setas 


m where 
n it is affected 
ient of the liquid 


(а) L6 N.s/m? (5) 18 Nm? (©) 24 Nha? (0) 28 мат 


Ө 


A sound wave transfers from air to iron, If the ratio between the speed of 


sound in air and the speed of sound in iron is 4 while the wavelength of 


that sound wave in air is 57.6 cm, then its wavelength in iron is 


(2)49 cm (5) 172.8 cm ©) 533.5 cm (0) 844.8 cm 
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(9) The opposite figure shows the motion of a simple pendulum 


General Exams 2 
o 


The opposite graph shows the relation between the angles of 


deviation of a light ray (o) and the angles of incidence (,) of 
this light ray on one of the faces of a triangular prism then \ "i 


the apex angle of the prism and its refractive index are 


40° eg 
gotas tycoon respectively. aa ay 
(4) 60°, 1: — 
>) 75° L5 
©7.15 11) 80°, 1.35 


t 


(6) In the opposite figure, a light ray falls from a medium on 
the separating surface with another medium to refract 


tangent to the separating surface. If the ratio between ® 
the speed of light in the first medium and that in bet 


N. 
the second medium б) = 0.73, then the critical angle 
2 


between the two media equals - 


| @)з965 (ODE (c) 46.89* (2) 4972? 


(7) When the radius of the cross-section of a tube that carries a steadily flowing liquid 
increases, the density of the streamlines at the wide cross-section «s . 


AN . 
@) decreases (©) remains constant 
| (с) increases (2) the answer can't be determined 
A. 


Ө When the temperature of а liquid decreases, its viscosity coefficient «+--+ > 


@) increases (b) decreases 
(d) depends on the type of the liquid 


(c) remains constant 


SN 


of periodic time T, so which of the following statements 

|. ds wrong? 

| The speed of the load at x > The speed of the load at y 
® The speed of the load at z = zero 

(с) The amplitude = The distance between z and y К 
@ The time taken by the load to cover the distance xy =-- 
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® A rock was dropped in a still water of a lake, so it produced 100 waves in 20 s where 


the diameter of the external circle of the disturbance was 8 m, then --------------------- 


The frequency of the wave (Hz) The speed of the wave (m/s) 


| 
®© 5 04  — 
| (Б) 5 02 
© 2 04 
| @ 2 02 J 
| 
| " 
р @ A liquid flows steadily in tube x of cross-sectional area 26 cm? that is branched into 
| 
| 
| (3)02 ms (b) 0.3 m/s 
| 
| 
| 


If the speed of the liquid in the tubes x and y are 0.4 m/s and 0.6 m/s respectively, so 


two tubes y and z that have cross-sectional areas of 15 cm? and 7cm? respectively. 
the speed in tube z equals -....................... Н 
L ©) 0.5 m/s @ 07 ms 


| (D The opposite figure represents the relation between 

| the first angle of refraction (0) and the second angle 
| of incidence (,) in a glass triangular prism, so 

the apex angle of the prism equals 


| 

! (5 In the opposite figure, as the boat gets closer 
| to the shore while keeping its speed constant, s 
the athlete needs to «s 


. zom > 
N Шиг meer 
(а) row with a less force 


(5 row with a greater force 
(9 row with the same force 


L © stop rowing 


| 


Р 


== - General Exams ? 


The opposite graph represents the relation between 
the frequency (v) and the reciprocal of the periodic 
T йыла | 

ше (qx) for а body that makes a simple harmonic ye 
motion, then the slope equals 


c 


aL 

a 2 1 4 
2 à; 

— 


(6 A light ray falls on a triangular prism and emerges 
normal to the other face as in the opposite figure, 


so the angle of incidence (O) is = 
(2) greater than A 
6) less than A 


© equal to A 
@ there is no relation between it and A 


= 


® The opposite figure shows a light source that 
is placed inside a transparent medium, 50 what 


Boundary H Н 


happens to гау @) at the boundary surface 
between the two media? Кане те vs 
@) It gets reflected because the angle of incidence is less © 


than the critical angle between the two media 
0 It gets reflected because the angle of incidence is greater than the critical angle 


between the two media 
© It gets refracted because the angle of incidence is less than the critical angle between 


the two media 
(d) It gets refracted because the angle of inci 
between the two media 


dence is greater than the critical angle 


@ When the wavelength of a wave that propagates ina certain medium gets doubled, its 


speed in this medium 7777777 a 
© gets doubled 

® decreases to its half 

© decreases to its quarter 


(Ф А 
o remains constant 


NL 
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© Which of the following is correct when comparing between the refraction and 

the diffraction of light? 

(2) The diffraction happens when light transfers from one medium to another and 
the refraction happens when light propagates in the same medium 

0 The diffraction happens when light propagates in the same medi» end 
the refraction happens when light transfers from one medium to 21: 4r 

(с) Both of them happen when light propagates їп one medium 


0 Both of them happen when light transfers from one medium to ало 
MM 


® When a light wave transfers from one medium to another, the property that d« nt 
change for the light wave is the <. 


L Ө! speed (5 wavelength (с) frequency Cd) inten ту 


P A tube of diameter 10 cm ends with a nozzle of diameter 2.5 cm. If the speed of the 


water inside the tube is 1 m/s, so the mass of water that flows every minute throu gh any 
cross-section of the tube equals 


(Knowing that: The density of water = 1000 kg/m, т = 3.14) 
(3) 174 kg (5) 147 kg (с) 162 kg (()471 kg 


(@ The factor(s) that affect the angle of deviation of the light ray in a triangular prism 
is (are) €—€———— . 


(4) the apex angle of the prism (b) the angle of incidence of the light ray 


(с) the refractive index of the prism @ all the previous 


- 


Answer the following questions (22 : 27] 


(@ The opposite figure shows a light ray that falls from air j 
on a transparent glass plate at angle of 45°, Calculate { b: = 
the emergence angle of the light ray from the glass plate, б 7 | 
if the refractive index of its material is 1,52, d 


Р 


0 


General Exams ? 


what happens to the есш of the interference fringes when using red light instead 
of blue light in the double-slit experiment? 


motion 


wpyery Vibraliona! motion nsidered riodi ion, bu 
à periodic motion, but 7 


is considered a vibrational motion", show the validity of this sent 


In the following figure, trace the path of a light ray that falls on mirror A until it reflects 


from mirror C. 


M 


A 


f the faces of a triangular prism of refractive index '/2 


A light ray falls perpendicularly on one 0! 
calculate the angle of incidence when the prism is 


to emerge tangentially to the opposite face, 


rotated to be in the minimum deviation position and also the angle of minimum deviation. 


The opposite figure shows an equilateral triangular 
prism of refractive index 1.5 and а mirror that makes 
an angle of 60° with one of the prism's faces. Trace 
the light ray until it emerges from the prism, then find 
its angle of its reflection from the surface of the mirror. 


ES Choose the correct answer (1; 21) 


© The opposite figure shows a light ray that falls pea РРА 
оп a reflecting surface, so its angle of reflection 10° 
e ~ P 


(2) 40* (b) 50° 
(с) 60° @ 90° 


© A flat metal plate of surface area 0.0375 m? slides quickly with a uniform velocity 0.2 m/s 
on another static plate where there is a liquid layer between them of thickness 3 mm. 

If the viscosity coefficient of the liquid is 0.25 N.s/m?, then the tangential force that acts on 

the sliding plate equals -....................... * 


@)0.55 N G) 0.625 N ©0732N @078N 


@ A light ray falls at an angle $ on one of the faces of a triangular prism of an apex angle 
35°, then it emerges perpendicularly from the opposite face. If the refractive index of 
the prism's material is 1.5, then the value of ф is +++- . 


@ 45° (b) 52.47° (с) 59.36° @) 18° 
\ 


© The opposite graph shows the relations between the speeds (v) 

of two different waves (A and B) and their wavelengths (A) when 
they propagate through different media, so which of the following 
relations is correct for the frequency (v) of the two waves? 

(O, < Uy (5), =v, #0 

(©0, 0g @v, = 0g =0 


will be much better when the wavelength of the light ray equals «+--+ б 
(@) 400 nm (6) 450 nm (с) 550 nm @ 650 nm 


— 
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General Exams 2 


@ The opposite figure shows the motion of a simple 
pendulum from X to О, if the distances NO. MN 


and LM are equal and the time intervals taken Pi 


the pendule er (hese distances are E 3 ° 
i TET; 

respectively, then which of the following relations » y 

i ы M 

is correct? 

OT, =т,=т, (57,2 T,» T, 

(s) T, » T,» T, (d) T, « T,- T, 


(2) If the depth of the liquid into which an object falls increases, then the viscosity 


coefficient of the liquid at constant temperature «mmm . 


Ө, decreases (5 increases 


© remains constant @ is indeterminable 
M 


© If the relative refractive index from medium A to medium B is 5 , So the angle of 
2 
incidence in one of the media that makes the ray emerges to the other medium tangent to 


the separating surface between the two media equals «mms 


(3) 60° (b) 45° (c) ay (d) 30° 


(9) An artery is branched into 80 capillaries each of radius 0.1 cm. If the radius of the artery 
is 0.35 cm and the speed of blood flow in it is 0.044 m/s, then the speed of blood flow in 


each capillary equals --- 
(® 3.37 x 10? m/s 
(©) 674 x 10? m/s 
(с) 64 mis 


(8) 3.37 m/s 


© A thin prism of an apex angle 1 
| then the refractive index of its materi 


(8) 145 (5 © 156 (9) 1.59 


M 


0° deviates the yellow rays that fall on it by an angle of 5°, 
ial for the yellow light equals +++- 


alse! [305‏ فيزياء لغات ESI)‏ الأساسی) | ۲ث veil‏ (م : ٠۹‏ 


E 
_ X 


i i 30 m? 
\ @ Water flows steadily with a speed of 0.3 m/s in a tube to fill a tank of volume 


within 15 minutes, so the cross-sectional area of the tube equals «7777777 


0. m? (Б)1т? 
\_ © 6.67 m? @ 60 m? 
H LI a 
Ф The opposite figure represents а simple pendulum that moves in 


a simple harmonic motion, so the ratio between the potential energies j 
of the load at the two positions В and C respectively is n7 р 


Of on , 


б) „э 
(Oê On o ©7 в 


\ 


(18) A light ray falls perpendicularly оп one of ће faces of a triangular prism of an apex 


angle 38°, then it emerges tangent to the opposite face, so the refractive index of the 
prism’s material is sss " 


(153 (b) 1.59 ()16 (à) 1.68 


І 


(4] The light ray that has the largest critical angle when it travels from water to air is 


the ............. ... Tay. 
(® violet (5) blue 
| © yellow @ green 


Uo (degree) 


© The opposite figure represents the variation of the deviation 
| angle (œo) for a light ray in many thin prisms having the same apex 


angle versus the refractive index (n) of their materials, so the value 
ORX eo Р 


(@)15 ©) 
©3 Os 


General Exams 2 


en a liquid flow; i i 
Wh q 5 steadily, which of the following choices for the volume flow rate 
and the mass flow rate is correct? 


Mass flow rate Volume flow rate 3 
© Variable Constant 
0 — Variable Variable 
© uu _ Constant Constant 
© Constant i 


@ The opposite figure shows a light ray falls on one of the faces 
| ofa triangular prism that is immersed in a liquid of refractive 
index 1.33. If the critical angle of the prism's material with air 


is 42°, then the incident light ray at point b «++--++ . 
(a) gets totally reflected 


| 
| ©) gets refracted away from the normal line 
| © gets refracted tangent to the face of the prism 


@ gets refracted toward the normal line 


@ A light ray falls оп one of the faces of an equilateral triangular prism at angle of 40°, 


| and it refracts parallel to the base of the prism, so it emerges at angle Of +11111111111 . 


| (@20° (Б) 40° (©) 60° ©) 90° 


© When a light ray falls perpendicularly on the boundary surface between two media, 
| 
Д then «A 


(8020-90 @)o=0=0° ©o>e @o<e 


® A light ray falls normal to one of the faces of an equilateral triangular prism, so 
b 


the second angle of incidence (,) equals 


| (so (6) 45° (с) 60° @ 90° 
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@ If the temperature of a viscous liquid increases, then «7 и 


The resistance of the liquid against | 
кешенди the motion of bodies inside it 
Q increases increases 
Q decreases | increases 
© increases decreases 
© decreases decreases 


Sees J 
M FER 


@ A light beam falls on the surface of a transparent material that has a refractive index of 


Answer the following questions 02 | 


1.55. If the confined angle between the reflected and the refracted rays is 90°, calculate 
the angle of incidence of the light beam. 


(Knowing that: sin (90 — Ө) = cos 0) 


(@ A load is attached to a spring of length 7 cm, when it is pulled by a certain force its 


length becomes 10 cm and then it is left to vibrate. Calculate the distance covered by 
the load during five complete vibrations. 


M 


e In the same triangular prism the minimum angle of deviation (©) differs according to 
the wavelength of the used light. Explain. 
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General Exams ? 


A lighted dd is submerged to a depth of 9 cm below the surface of a liquid. If you know 
that the radius of the smallest cork disk that can be placed on the surface of the liquid 
where its center 18 above the lamp and it is enough to block the lamp's light is 12 cm. 


Calculate the refractive index of the liquid. 


@ A vibrating body produces а sound and makes a complete vibration every 4 ms, so 
the sound reaches a man at 136 m from the body 0.4 s later after producing it, calculate: 


(а) The speed of sound in air. 
(b) The distance between the centers of a compression and a successive rarefaction. 


6 A student used a monochromatic light in Young's double-slit experiment. If the distance 


between the two slits was 8 x 10? m while t 
nges was 100 cm and the distance between the centers of two 


he distance between the double-slit and the 


observation screen of the fri 
successive fringes of the same kind was 6 mm, 
(Knowing that: The speed of the light in air is 3 x 10° m/s) 


calculate the frequency of the used light. 
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General Exam 


Ше Choose the correct answer (1:21) 


\ o The figure that represents the direction of the vibration of the particles of medium (a) 
relative to the direction of the propagation of a transverse Suus D iE 
[Eisai " 


a 


\ ® ® © @ 


Ө The ratio between the first angle of incidence and the angle of emergence of а light ray, 
| that falls on one of the faces of a triangular prism which is at the minimum deviation 


| position, ise . 
| @) greater than 1 

| 

| ® less than 1 

I 


© equal to 1 


| ; А А ; 
( (d) we can't determine the answer without knowing the value of the apex angle of the prism 
| 


Ө A square plate of side length 10 cm is sliding on another static plate where there is 
a layer of liquid between them whose coefficient of viscosity is 1.2 N.s/m?. If the upper 


plate moves with a uniform velocity of 0.2 m/s due to a tangential force of 0.6 N, then 
the thickness of the liquid layer is --------------..--...-... 


@ 1mm @2mm iios бна» 


the second body makes 3 complete vibrations in one second, so the ratio betwee? their 


periodic times cx =) equals es " 


OF OF 64 ә 


B General Exams ? 


t inhalation, the ai " 
Ө А he air flows through the trachea with a speed of 15 cm/s. If the cross- 


sectional areas of eac 5 
h of the two branches of the trachea are quarter that of the main 


trachea and consid e 
flow is steady, then the speed of the air flow in « 
branch 1: 
а) 7.5 " А 
(а) 7.5 cm/s (b) 15 cm/s (с) 30 emis Gay аа 


A> " then the ratio of the distance between the centers of two successive fringes of 
dis same type in case of the first light to the distance between the centers of two 


A 
successive fringes of the same type in case of the second light (a) )i a 
© less than 1 
©) greater than 1 


© equal to 1 


@ can’t define the answer 


@ The opposite figure shows light rays that are "i 10.5 m- 0.5 т-ы 
3 NS Я ir г ! H 
produced from a point light source placed in ETE T LL. 
liquid ! i A 
i 
1 


of this liquid is 07 
(2) 15 (o) 17 
© 18 @2 


| * a transparent liquid. So, the refractive index 


Point light source 


o The opposite figure shows a vibrating string. 
If the time required for the string to move 
from point A to point B is 0.005 s, then the 
frequency of the string equals z 
(а) 20 Hz (Б) 50 Hz 
©) 100 Hz @ 200 Hz 
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© A thin prism is submerged in water where it deviates the light Муз that fe all on it from 
the water by an angle of 0.9°. If the refractive index of the prism’s material is 1.5 and 
the refractive index of water is 1.33, then the apex angle û HE HEPIS ннан 
approximately. 


or Or (9e = 


„(с=3х " m/s) 


the critical angle of the medium with air equals --- 
(2)394* (0) 42.61 Ха 48.2 (9) 5313° 


@ In the double-slit experiment, a student used laser rays of wavelength 632.8 nm and he 
placed the observation screen 1 m away from the double-slit. He finds that the distance 
between the center of the first bright fringe and the center of the central fringe is 3.2 mm, 
so the distance between the two slits is «+++: 


(2) 198 mm (Б) 198 ша н 50.6 mm (@) 506 um 


© The following measuring units are equivalent to each other except езе зеет . 


(а) kg.m?/s? (b) N.s/m? (c) лз ` kg/m.s 


{ © Firemen use water hoses of narrow nozzles when they extinguish fire because the rushing 
velocity of «enne З 


i water increases by decreasing the cross-sectional area of the nozzle 


(b) water decreases by decreasing the cross-sectional area of the nozzle 
(e 


water increases by increasing the cross-sectional area of the nozzle‏ ك 


(d) water is constant whatever the Cross-sectional area of the nozzle changes 


hen a vibrating body passes by its original rest position 


(MME 


The magnitude of displacement zl The magnitude of velocity 
(а) maximum 
|j zero 

(5 maximum 

maximum 
©) zero 
G = |. zero 

maximum 
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General Exams ?‏ < 
i ray falls > 3ê А‏ 
А light ray = on 908 of the faces of a triangular prism at an angle of incidence 60°.‏ 
Jf the apex ar ale of the prism is 30° and its refractive index is3, then the light‏ 
ray ees m Li‏ 


(a) emerges tangent to the opposite face 

©) totally reflects and doesn’t emerge at the opposite 
(c) emerges normal to the opposite face 

© changes its path by 90° 


© The opposite figure shows a light ray that 
falls from medium @ on the boundary 


а 
surface with medium Q) If it deviates from sy 0 
its path by 45°, the relative refractive index 
(nj will be ---- Е 
1 1 2 
P" b) 2 4T 
OF © On Ox 


edium B, so the 


\ 


( If the refractive index of medium A is double the refractive index of m! 
ratio between the speed of the light in medium A and the speed of the light in medium B 


equals n—— M! ? | 

N 4 
® T © i Da т 
M 


© Light rays fall on two thin prisms, the apex angle of the first prism is double the apex 
angle of the second prism and the refractive index of the first prism is 1.5 and the refractive 


index of the second prism is 1.2. So, 
prism and the angle of deviation of the sec 


(or ©? ei @+ 


the ratio between the angle of deviation of the first 


ond prism respectively equals «m $ 


t гау that transfers from 
- Air 


air to water of refractive index}, so the relation that represents Water 


© The opposite figure represents a ligh 
| n 


| the refraction in this cas' © 
| i 1 Sin 24 
| ORE OFTHE 

Я с sin (90 — ф) 24 
OR GS 0-6 73 
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® When the school’s bell rings, its sound reaches the ears of students in the form 


[ OF casses waves 
Qn longitudinal 0) transverse 
(e longitudinal and transverse (d) electromagnetic 


e In the diffraction phenomenon, the waves path changes, 7 < 
© When they transfer from a medium to another 

0 When they fall on a reflecting surface 

© when they encounters a sharp edge 

© when they collide another wave 


Answer the following questions (22:27) 


@ It is easier to see your reflected image on the glass window of a lighted room at night 
j when the outside is dark than seeing your reflected image in daytime. Explain. 


[ e Draw on the following graph paper the sine curve that represents two waves of the same 


kind A and B that propagate in the same medium and have the same amplitude but 


the frequency of wave A is half the frequency of wave B. 


——— aR 2 


the dispersion of white light into ; 
]n p ite light into its components using a triangular prism, red light has 


st deviation a а i 4 
] the lea tion angle and violet light has the largest deviation angle. Explain. 


(@ If the wavelengths of a specific light ray in two different media A and В are 450 nm and 
| 600 nm respectively, calculate the critical angle between the two media and in which 
medium the critical angle is located? 


@ An empty tank is filled by an amount of kerosene of mass 100 kg by using a hose where 
the kerosene emerges from its nozzle with a speed of 0.2 m/s, so the tank is filled during 


| 25 minutes, calculate the radius of the hose nozzle. 
(Knowing that: Density of kerosene — 900 kg/m? , T = 3.14) 


@ The opposite figure represents а light ray that falls at an angle 


| оғ45° on the face ac of an equilate 


a material of refractive index 2 and its external face ab is 
layer. Trace the path of the light ray 


ral triangular prism that has 


| silvered by a reflecting 
| till it emerges from the prism. 
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@ The opposite figure shows a light ray falls perpendicular 
to the face yz of a right angle triangular prism of refractive 


Ө 


index 1.6. The prism is submerged in a liquid of refractive 
index 1.3, then the angle of incidence of the ray on face xy 


will be 


(a) 90° 


(b) greater than the critical angle between the prism and the liquid 


If the angle of minimum deviation of a light ray that falls on one of the faces of an 
equilateral triangular prism is 30*, then 


© less than the critical angle between the prism and the liquid 
C © equal to the critical angle between the prism and the liquid 


The angle 


The refractive 


e 


30* 


of 
emergence index of the prism | 


1.5 


ә 


® 30° B 
| 2 

© 45° 33 
2 

e| e | 5 


$ When a wave transfers between two different media, then 
M т 


The speed of ће wave The frequency of the wave 


remains constant remains constant 
remains constant chan: 
ges 
changes i 
- remains constant 
changes 
changes 


g 


General Exams ?‏ - —- ت 


| 0 Water flows steadily in a tube, If i 
(ё ©. IF the ratio between the diameters of its ends is 2. then 


s "d between the mass flow rates of water in them respectively is =- 
а) = 4 1 
© 3 9 ) | 
ع کے ججج ےم‎ | 
light rey falls per ісшан " " е 
(5] A lig ‘alls perpendicularly on one of the faces of a triangular prism of refractive 


i 1.65 а га : 
iin : 5 and the ray emerges tangent to the opposite face, so the apex angle of the 
prism is ms 


(sr (6) 48° (с) 52° (4) 58° 


@ In the steady flow, the ratio between the number of the streamlines in the wide cross- 
section of the tube and the number of the streamlines in the narrow cross-section of 


the tube iS +... а 
©) greater than 1 ©) less than 1 
© equal to 1 (1) the answer can’t be determined 


V 

@ In Young’s double slit experiment, when a light of wavelength A is used, the distance 
between the centers of the central fringe and the ninth bright fringe was 1.5 cm. If the 
wavelength of the used light is changed to 1.5 A, then the distance 1.5 cm will be between 
he central fringe and the center of the - 
(©) sixth bright fringe 
(d) tenth bright fringe 


the center of t 
(а) third bright fringe 
© ninth bright fringe 


C: 


(3) A sound source produces 60 vibrations W: 
in air with a speed of 340 m/s, then the distance between the centers of a compression 


ithin 1.5 s and the produced wave propagates 


and a successive rarefaction equals 7 


| (2228 m (b) 4.25 т (с) 567 m (@)8.5 т 
1 


© If the angular dispersion equalize i . 
prism is 6? and its refractive indices for the blue and the red light respectively are 1.68 


and 1.62 and the apex angle of the secon is 9° 
| light is 1.65, then its refractive index for the red Light is «mmm 


(35 1.64 0 1.63 (е) 1.62 (D 1.61 


n two thin prisms, where the apex angle of the first 


| prism is 9° and its refractive index for the blue 
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(10) Water flows stcadily through a tube of inner diamete: 


If the density of water is 1000 kg/m?, then the mass flow rate equals «m Я 
(с) 1155 kg/s (0) 1.54 kg/s 


r of 3.5 cm with a speed of 0.8 пу; 


(2) 0.385 kg/s (b) 0.77 kg/s 


(11] ^ light ray falls at an angle of 45? on one of the faces of a cuboid that is made of 
a transparent material of refractive index 1.75 and emerges from the opposite face to air, 


then iae s 


The angle of refraction of the light The angle 


ray inside the cuboid 
324* 45 
(Б) | 324° EH 30° 
©) 23.8° i 45° 


(@) 23.8° 30° 


@ In the opposite figure, the angle of reflection of the light 
ray on the mirror B equals ss . 


(2)30* (Б) 50° 
(c) 60° (8) 90 
A. 


the light r 


© From the factors that affect the viscosity coefficient, зт . 
| (2) the area of the moving layer from the fluid 

(b) the temperature of the fluid 

(с) the speed of the fluid 

(d) thickness of the fluid layer 


ES 


(4) The opposite figure shows four light rays that fall on an @ 


isosceles triangular prism of refractive index 1.5, so which © 


of these rays changes its direction by 180°? 
@O ®® 
©® Io 


9—1 
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@ [n the opposite figure, the pendulum makes 


- General Exams ? 


— 


a half of an oscillation when it moves from 

position өз | 

(a)x to z С | 

/ хоу i 

(Әу toa (d x D z 
. o toz y 


© wavelength decreases to its half (5 wavelength doubles 
(©) speed decreases to its half (9) speed doubles 


M 


If the frequency of a wave in a medium doubles, then its 7 


the following cases except, when «57 


the second medium 


refractive index of the second medium 


the second medium 


The relative refractive index (,n,) between two media is greater than one in all of 


(a) the speed of light in the first medium is greater than its speed in the second medium 


(b) the angle of incidence in the first medium is greater than the angle of refractive in 
© the absolute refractive index of the first medium is smaller than the absolute 


@ the wavelength of light in first medium is smaller than the wavelength of light in 


Kis] Two light rays QD. Q are propagating [ + 


from the source S through glass to the air as | - 
represented by the scale which is shown in T aa 
the figure, then the angle a approximately | | T 
equals mM 7 


| er (©) 39° 


{ 


| (as (@) 51° 


ha 
© The ratio between the deviation angle of th 
light is ---- after they emerge fro! 


position. 
© greater than 1 


LO equal to 1 


0) less than 1 
(4) indeterminable 


EERE 


e violet light and the deviation angle of the red 
ım a triangular prism at minimum deviation 
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e Та Young's experime ۷ ic light passes throu th two slits and falls 

С Ү g's CX] eriment, when а monochromatic ligt passes 1 g | falls 
* ion scree i arc formed О! the screen 15 duc lo 

on an observation screen, the fringes that are forme! r 


the RIA х 
(a) reflection (5 refraction (c) interference |) diffraction 


c 


e The opposite figure represents a liquid that 
flows steadily in a tube where it enters from 


terminal A and emerges from terminal B, 


then зезеееевеөнө н " 
@) the speed of the liquid at A is equal to the speed of the liquid at B 

(b) the flow rate of the liquid at A is less than the flow rate of the liquid at B 
© the speed of the liquid at A is less than the speed of the liquid at B 

@ the flow rate of the liquid at A is greater than the flow rate of the liquid at B 


|'second| Answer the following questions (22:27) 


e In Young's experiment for measuring the wavelength of the red light, the center of the 
bright fringe of the second order is formed at 4 x 10? m away from the center of the 


i 


central fringe. If the observation screen is 200 cm away from the double-slit and the 


distance between the two slits is 7 x 107 m, calculate the wavelength of the red light. 


м 


(€ What are the conditions requ in 1, 
quired for the tr langular pri mum 
a | angular pris ei ini 
ini "n prism to be in the minim 
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[ts noticed that the aquatic plant 


n the Nile river are found near the riverside and not in 


the middle of the watercourse. Explain this sente 
а nce. 


(a) The frequency of the fork. 


(b) The periodic time of the produced vibrations. 


e If you have two flexible transparent materials where the refractive index of one of them 
material and we want to use them to make an optical fiber, 


is larger than that of the 


| к » А Е 
|. then which of them is usec 2 the inner core of the optical fiber and which of 
} 

| them is used to make the external layer of it? And why? 


(&) A triangular prism of apex = 45° and refractive index of 17 is totally submerged 


in water of refractive index ofá = 
3 deviation of the light ray that falls 


‚ calculate the angle of emergence and the angle of 
perpendicularly on one of the prism's faces. 
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General Exam 


First | Choose the correct answer (1: 21) 


© Load is attached to a spring where it is in equilibrium, if the load is pulled downwards 


for a distance 10 cm then it is left to pass by the equilibrium position for the first time 
after 0.5 s, then eese 2 


| The amplitude of the vibration (cm) | The 


(а) 10 15 
(b) 10 2 


© 20 2 
\ @) 20 15 


ةة 


@ Water flows steadily in a tube of radius 3.5 cm at a speed 3 m/s, then the time required to 


fill a cubic tank of side length 226 cm approximately equals <=... 0-344) 
@)900 s ©) 1000 s (c) 1100 s (8) 1200s 
خخ‎ = 


Ө If the critical angle of a light ray that transfers from a medium of refractive index 172 to 
another medium is 55°, then the refractive index of the second medium equals 7 à 


@)141 (5) 148 (с) 1.53 (4) 1.56 


à. 


e A light ray falls on one of the faces of a thin prism of an apex angle 8°, refractive index 
for the blue light 1.664 and refractive index for the red light 1.644, then the dispersive 
power for the material of this prism equals эзе зс . | 


(@)0.05 (Б)оо4 (с) ооз (@002 


A (5) A light ray falls оп one of the faces of a triangular prism of refractive index [2 at an 


angle of 45° and emerges from the opposite side at angle of 45°, then the apex angle of 
tHE Pri SET dg meos 


@ 45° ©) 60° © 72° © 80° 


322 


___________. General Exams ? 


% experi isi 
Jn Young's experiment, the distance between the center of the first bright fringe and the 
center of the central fringe is 2 mm, then the distance between the center of the third 


dark fringe and the center of the central fringe equals е ۴ 


Ө zam 5mm ı6 mm d 7mm 
—— i — ли MEM کے‎ — 


@ The ratio between the periodic time and the frequency of a tuning fork is Ed s^, 
then the number of the vibrations that is produced in 10 seconds equals 777777 : 
(а) 1636 vibrations (©) 2560 vibrations 

(с) 3160 vibrations (O) 6320 vibrations 


Ө The opposite graph represents the relation between the first $5 
angle of refraction (0) and the second angle of incidence 
)ر(‎ when a light ray passes through a triangular prism. If the 
critical angle of the prism material is 41.8°, then the angle of 20 
minimum deviation for the falling light fay 18: 

| @ 1727° (ey 2173° 20° 40° 
| ©2546 (4) 3025? 

i. 


1s from air on the surface of a transparent medium at an angle 50°, so 


© A light ray fal 
| part refracts where the confined angle between 


part of the ray reflects and another 


the reflected and the refracted rays is 100°, then the critical angle for the transparent 


material with air is sr" . 


| 
6 36.8° (© 4075 (c) 42.68° (d) 45.54° 


г of thickness 2.5 mm is covering a ceramic floor. If a square plate 


© A viscous liquid laye: 
of area 0.1 m? slides on 

35 N, then the coefficient of viscosity of the liquid equals «ms 

@ 075 N.s/m? (Б) 125 Ns (=) 175 N.s/m? (d) 2.25 N.s/m? 


the floor with uniform speed 0.5 m/s due to a tangential force of 
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EXAM 


ә 2 А 
® Water sprayer has 20 identical holes each of cross-sectional area 5 тт”, the sprayer is 
1 area of 120 mm? where the water flows in the hose 


l= 


connected to a hose of cross-sectional 
with a speed of 1.5 m/s, so the speed of the water flow through the holes of the sprayer 


@0005 m/s (Б) 0.56 mis ©18 mis nid 


li 

@ The opposite figure shows a vertical section Wave propagation 
А lirection 

of a wave propagating through water from left “ B 
to right, at which two points the instantaneous 


vertical velocities of water particles are 


maximum? 


@)A,D (B,C 
|. (с)А,С @c,D 


® In Young's experiment a blue light of wavelength À is used to pass through two narrow 
slits that are at a distance d from each other, so interference fringes appear with a certain 
pattern on the observation screen that is at distance R from the slits. If the experiment is 
repeated under the surface of water, the distance between the fringes will 


Ө) remain constant 


(5 decrease 
©) increase 


© be indeterminable 
P 


(14) The opposite figure represents an equilateral 
triangular prism of refractive index ү 2, so 
the angle of deviation equals 
(а) 30° 

(Ъ) 45° 

(с) 55° 

| @ 60° 
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General Exams 2? 
LJ 


ight rays fall on two thi А 
@ UE ii n two thin prisms, the apex angle of the first prism is 9^ and its refractive 
index equals 1.5 and the refractive index of the second prism equals 1.75. If the angle 


of deviation of the light rays in the two prisms is the same, then the apex angle of the 
second prism equals а * 


@) 6 5 ge © 8° @ 9° 
- 
@ If the end of a spring coil is moved to make a longitudinal wave of wavelength 30 cm and 


periodic time 0.1 s then it is moved to make a transverse wave of periodic time 0.2 s that 
has the same speed as the longitudinal wave, then the wavelength of the transverse wave 


equals «9 


(8) 75 cm (5) 15 cm (c)30 cm @ 60 cm 


@ If the ratio of the angle of incidence of a light ray on the interface between glass and 


another medium to its angle of refraction in the other medium is less than one, 


@ the absolute refractive index of glass is greater than the absolute refractive index of 


the other medium 
active index of glass is less than the absolute refractive index of 


(5 the absolute refr: 
the other medium 
© the speed of light ing 


(à the wavelength of light in 


Jass is greater than the speed of the light in the other medium 


glass is greater than that in the medium 


M 


@ A light ray falls on one of 


and emerges from the OPP 
75 ф, then the ratio between the angle of deviation and the apex 


the faces of a triangular prism with an angle of incidence ф 


osite face with an angle of emergence 1.25 ф where the light 


ray deviates by an angle 0 


angle of the prism (5 equals «eec 


©} Oz o1 E 


A 
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(© The opposite graph represents the relation between 
the volume flow rate (Q.) and the mass flow rate 


(О л) for the two liquids A and B that flow steadily е 

inside many tubes, so the ratio between the densities er 

of the two liquids (fa) — . б 
в 


(b)less than one 


@) greater than one 
@ indeterminable 


equal to one 
| O4 


"er when they 


(20) The electromagnetic waves in which the diffraction beco 
pass through aperture of dimensions 107? m are 
(3) microwaves (b)radio waves © gamma rays UV waves 


e The critical angle between two media is given by the relation; sin ф = z and this means 
@n, «n, 
On, >n 
@n,=1, 


(d)speed of light is the same in the two media 


Second Answer the following questions (22 227) 


@ Honey flows faster in summer than in winter, what is the reason for this? 


м 


Ө A student carried out Young’s experiment to find the wavelength of a monochromatic 


light wave where a group of bright and dark fringes are produced on the observation 
screen. If the distance between the observation screen and the double-slit is 100 cm while 
the distance between the two slits is 0.1 mm and the distance between centers of the tv 
successive fringes of the same type is 4.5 mm. Calculate the wavelength of the used light 


—— = EEE — General Exams ? 
LJ 


A bright object at the bottom of a lake of depth 150 cm sends light rays in all directions. 


a circular light spot ap Bi 
If a circula ght spot appeared on the surface of water, calculate the radius of this spot. 


(Knowing that: Refractive index of water = 1.33) 


® In the opposite figure, a monochromatic light falls from 

air perpendicular on an equilateral triangular prism of " 
refractive index 1.5, then it emerges again to air. The path 

of the light ray in the figure is wrong. Determine the 


wrong part and redraw the figure in a correct way. x > 


327 


EXAM 


@ A sound wave that propagates in air is producing d(cm) 
vibrations to the air particles where the opposite 


EN" = 


graph represents the relation between the 

displacement(d) of one of the air particles and 

time (0): 

(a) What is the kind of the formed wave in air? 

(b) Draw the relation between the displacement 
and the time with the same drawing scale of 
the vibration of the same air particles that 
transmit a sound wave of half the wavelength 
of the first wave and half the amplitude of 
the first wave. 


| 
| 
| 
| 


ө The following figures show a light гау that transfers from air into three different 
] media. Arrange in an ascending order these figures according to the refractive 
| index of each medium where the angle of incidence of the ray is the same in all cases. 


| K 
| 
(b) (c) 


(a) 
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ад Choose the correct answer (1:27) 


In the opposite figure, the angle of reflection ol 
› 


the light ray from the mirror equals «e 

ака» aa " ^ / 

©) 30 (6) 45° | 
Ow ee 


During the vibration of the pendulum, the 
velocity of the pendulum load equals zero 


at the position ~=- 


(2) X only (b) Y only © 
(с) Z only © XandZ X 


(@ In Young's experiment a yellow light source is used to form interference fringes 
on the observation screen. So, to make the interference fringes more distant from each 


.. light source should be used. 


©) violet 
© red 


(4) The bottom of a swimming pool may not be seen when looking at it from the air because 


of the «mmm of the light. 
(2) interference (5) diffraction 
(c) refraction (d) total internal reflection 
= 
© The ratio between the first refraction angle and the second шше of incidence ina 
t is set at the minimum deviation position rx, is 


triangular prism tha 


© greater than one (b) less than one 


Ji inable 
C © equal to one (4) indeterminab'e 


TII [328 — — 


З 18) 

= = 
E MN 

[er — 


: А f incid . 
O If the refractive index of diamond is 2.4, then the ~ angle of incidence of a light 

à ai uals «7 
ray that falls inside the diamond to emerge to the air eq 


(@)40.2° (b) 36.2° 


(с) 324° (0) 246 


5 Co (degree) 
(7) The opposite graph shows the relation between the angles of А 


deviation (œo) for several thin prisms that have the same apex 
angle and the refractive indices (n) of these prisms, then 


the apex angle of any one of them equals «00000 E LZ. 
ee Oe 4 | 


(с) 8° @ 10° 1 2 


~ 


(3) The opposite figure represents a light ray that falls 
normally on one of the faces of a triangular prism 

of refractive index 1.5, so its emergence angle from 
the prism equals «9 


| @30° (b) 41.81° ° 


se 
SA 


(c) 48.59° (d) 60° 


© A tangential force acts on a wooden plate to slide оп а layer of liquid that covers 
the ground of a hall. If this force is doubled, then the viscosity coefficient of 


the liquid О . 
@) decreases to its quarter 6) decreases to its half 
(c) increases to the double © doesn’t change 
M. 
© A horizontal rope is attached to the lower branch of a horizontal tuning fork. If ће lower 
branch of the fork is struck, the fork produces two disturbances one in the rope and 
| the other in air to form mechanical waves of types «HA 
| | In the rope ] In the air 
| (а) longitudinal | transverse | 
| (b) longitudinal longitudinal 
| © transverse transverse 
C | (d) transverse longitudinal 


General Exams 2 
о 


(a)9.29° 12.06° 16.19° 33.88* 
In the opposite figure, when liquid A is placed between —v 


the two plates and the upper plate is affected by a ر‎ A F, 


tangential force of 100N, it moves with a uniform speed 

of 0.2 m/s and when replacing liquid A by liquid B and £ | 2 plate 
the upper plate is affected by a tangential force of SON, 

the plate moves with a uniform speed 0.4 m/s, then the 

ratio between the viscosity coefficients of the two liquids 


(® The opposite figure shows an isosceles right angle 
triangular prism of refractive index 1.5. If a light ray 
falls on one of its faces parallel to the base, it emerges 
from the opposite face at an angle of 0m ` 


(а) 16.87° (258° 
| (pas (2) 45 


o The opposite graph shows the relation between the 
ment of the motion of a medium 
a wave. If the time 


15 s, then the frequency 


vertical displace! 
particle (d) and the time ( of 
interval between A and B is 0 
of the wave equals 


^al 


15 Hz 
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EXAM 


т ‚ d of light 
(5 The opposite figure shows the speed of light in перо 


four media A, B, C, D, then the optically denser 


medium is «+ 


© material A (5 material B 
(©) material C (d) material D LLL Medium 


M. 


@ The ratio between the angle of deviation of blue light in a triangular prism at minimum 
angle of deviation and the angle of deviation of red light respectively is «mm 
Ө, greater than one (b) less than one 


©) equal to one @ indeterminable 
M 


@ Which of the following graphs represents the relation between the speed of propagation 
for different sound waves (v) in air and the frequency (v) for each of them? 


M 0 Va p 0 v 
(9 ® © 0 


(D Three water taps were used each one separately to fill a basin. The first filled the basin 


in one hour, the second in + an hour while the third filled it in 1 an hour, then the time 


4 


required to fill the basin when opening all taps together equals -- 


@) + hour (5) i hour (c) $ hour (à) 1 hours 


X 


@ A vibrating string makes 3 x 10* complete vibrations during one minute, so the time 
required to complete one vibration is ----------.-------....... . 


-3 

(2)2 x 105 (5)3 x 10? s 
2 

©2 x 107s @3x10*s 
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0 In the opposite figure, the apex angle of the triangula 
r 


prism is 
(2) 30° Ф) во 
(с) 70° @) 90° 


@ А paning fork makes 480 vibrations per second leading to produce a wave of wavelength 
), in air, if another tuning fork makes 120 vibrations per second which produce a wave 
of wavelength À, in air, so „= 
A 
1, (b) 
@) 4 Б; s 
©2, @4a, 
M. 


[Second Answer the following questions (22; 27) 


@ The opposite figure shows the path a light ray through a triangular 
culate the value of angle (|) by which the light ray falls 
m, thus it emerges from the prism 


> 


prism. Cal 
on one of the faces of the pris 


tangent to the opposite face. 


L 


© A wave travels between two d 
is larger than its wavelength in 
speeds of the wave in the two media 1S ig 


in the medium (1). 


(2) where its wavelength in one medium 
10 cm. If the ratio between the 
of the wave 


ifferent media (1), 


the other medium by 
2 ), calculate the wavelength 


(e From the opposite figure, calculate the angle of incidence n= Dei 
of the light ray $,. \ 


@ А гей laser beam is pointed toward three groups of different double-slits (A, B and C). 
If the separating distances between the two slits in the three groups are 0.15 mm, 0.175 mm 
and 0.15 mm respectively and the distances between the observation screens and the 
slits are 0.6 m, 0.8 m and 0.8 m respectively, arrange in ascending order the three 
groups according to the distance between the center of the central fringe and the center of the 
first bright fringe. 


e The opposite figure shows light rays that 

fall from a liquid on the interface with 

air, calculate: 

(a) The value of angle 0. 

(b) The absolute refractive index of the liquid. 


@ Explain why firemen use hoses with narrow nozzles 
as in the opposite figure when they extinguish fires 
And what happens if hoses of wider nozzles are used? 
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0 If you know that the refractive index of glass is 1.5, then the figure which shows ino ti 
path of the light ray which falls on the separating surface between glass and air at angle 
of 50° is Dn 


Air 


Glass 1 Glass Glass 
50°! 50°! 50°! 


0 © © 


© When light disperses into its components through a triangular prism, violet light will 
have greater deviation than red light because «mmn 


Ө Duiolet Dea (©) violet Ned 


© violet * Vied "Уша Y violet 
М. 


@ A sound wave of frequency 330 Hz propagates in cold air with a speed of 330 m/s. When 


it transfers to hot air, its wavelength increases by 2 %, then the wave speed in the hot air 


equals < арасан» 
(@ 316.8 m/s (5) 3234 mis (с) 330 mis @ 336.6 m/s 
„Чы 


the faces of a triangular prism of apex angle 75°. 


o A light ray falls at an angle ф on one of 
If the refractive index of the prism’s material is2 and the light ray emerges tangent to 


the opposite face of the prism, then the value of à is «m 


| Go (Б) 30° (с) 45° @ 60° 
NM 


(5] A patient is injected by а needle of radius 0.3 mm, if the rate of the drug flow in 


cross-section of the needle is 0.5 cm?/s, then the speed of the drug flow in the needle 


CNN (JU = 3.14) 


@ 1.24 m/s (© 177 m/s (©) 2.42 m/s @771 mls 
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Q A container of thick transparent walls that have a material of refractive index 1.52. 
If it contains a liquid of refractive index 1.44, then the critical angle between them 
equals «m Я 

27 68.42° and it is located in the container medium 


JF 71.33° and it is located in the container medium 
© ' 68.42° and it is located in the liquid 


J) 71.33° and it is located in the liquid 


@ In the opposite figure, a simple pendulum has been displaced 
from its rest position (0) a distance 5 cm to position (x), then 

it is left to swing making a simple harmonic motion where it 
completes one oscillation in time T. Which the following graphs 
represents the relation between the displacement (d) 

of the pendulum away from its rest position and the time (t) 


during that complete oscillation starting from position x? 


d(cm) d(cm) 
! 

al T ap te) 

| 4 4 

т 
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ng's experiment, i ; 
9 In Young 8 exp nt, if red light was used then the experiment is carried out again 


with blue lig m is 

Ay), 
(a) greater than 1 less than 1 
(c) equal to 1 ıl, indeterminable 


0 The opposite figure shows a load that is attached to 


a vibrating spring, so the amplitude of the vibration 


equals --- 
@) 3cm (O) 6em 
©)9 em @ 12cm 


0 Water flows steadily in a tube that is branched into several identical branches. If the 


diameter of the main tube is 8 times as large as the diameter of the branched tube and the 
speed of the water flow in the branched tube is 4 times as large as its speed in the main 


tube, then the number of the branched tubes is «077777 


(24 (58 ©) 16 (d) 24 


M 


@ Which of the following physical quantities has a measuring unit? 
Ө, Absolute refractive index Ө! Viscosity coefficient 


© Dispersive power 


© Relative refractive index 


= 


® From the opposite figure, the angle of reflection of 


the ray from the mirror equals 


@) 30° (5 40° 30 7 


© 60° d) 90° 


a 


(E: Deal الکتاب الآساسی ) / ۲ث‎ ( Sb فیزیاء‎ als [337 ~~ 


= 9 
= 
>< 
ш 


(5 The opposite graph represents the relation between the volume Qn 


flow rate (0) and the mass flow rate (О а) fora liquid that 
flows steadily in many tubes, then the slope of the straight line 
represents «nnm . 

(а) the pressure of the liquid 

0 the temperature of the liquid 

©) the speed of the liquid flow 


(d) the density of the liquid 


@ The ratio between the dispersive power of a thin prism of an apex angle of 5° and 


the dispersive power of a thin prism of an apex angle 10° of the same material 


—|ә 
tors 


91 O} Э 


© If the frequency of a longitudinal wave is 50 Hz, then the required time t 
a distance equivalent to half its wavelength is «77 


(80.08 s (b)045 s © 0.02 s 
м 


о cover 


110.015 


© An optical fiber that has a material of refractive index 2.1, is coated by an external layer, 
so the refractive index of the external layer that makes the critical angle between the two 


layers equal 32? is «m А 
OH (6) 19 (7,396 T 
ei - 


@ A light beam falls from air on the surface of a transparent 
medium as in the opposite figure. A part of it reflects and 
another part refracts where the reflected and the refracted rays 


are perpendicular, then the critical angle of the transparent 


medium with the air equals ~- 
з o (b) o 
(a) 35.26 (b) 5326 74526? (3) 5426 


- 


General Exams ? 


е distance bet 1 
Ire : tween the first crest and the z crest of a transverse wave is y, then 
the wavelength of the wave equals ---................ 


=f I E 
(05 ЭРА Oz D 


The opposite graph represents the 


sind 

of the angle of incidence (sin ф) and the sine of the angle of | 
refraction (sin Ө) for a light wave when it travels from air to 
another medium, so the speed of the wave in the medium F4 
equals «99 j Я 

| 50 sind 
(Knowing that: c = 3 x 10° m/s) 
(8)2 x 108 m/s ()16x10%m/s  (25xl0ms (D3 x 10* m/s 


M 


® By increasing the distance between the double-slit barrier and the observation screen in 
Young's experiment, the «mm . 

(а) fringes become more distant from each other 

©) fringes become less distant from each other 

Ө! distances between fringes don't change 


© number of bright and dark fringes Increases 


e The opposite figure represents à triangular prism of refractive 


index 1.8 where a light ray falls on one of its faces, then 36° 


the number of reflections inside the prism equals 777777 ; 
© 1 0 2 a 
(©з @4 E 


E Answer the following questions (22: 27) 


(22] "We can’t observe the diffraction of light in our daily life" Explain this sentence. 


Rf 1. 


ё What аге the results of: 
Reducing the temperature of a liquid concerning the force affecting a solid object that 


moves through it? 


(@ Calculate the ratio between the wavelengths of two waves that propagate in the same 


medium, if the periodic time of the first wave is half that of the second wave. 


M 
(© A light ray falls perpendicularly on опе of the faces of a triangular prism of apex angle 


35° and it emerges from the prism deviated from its original path by an angle of 28°. 


Calculate the refractive index of the prism’s material for this light ray. 


ہی 


+ General Exams a 
ө 


@ A thin prism has refractive i 
‘active index for red li 
P ' r dex for red light 1.5 and refractive index for blue li 
pese ыы ы i : index for blue light 1.55, 


д) The value of its average NS 
(a) | erage deviation angle. 


(b) The angular dispersion of the prism 


e In the opposite figure: 

A point light source is placed in the water where it produces 
a light ray that falls on the separating surface between 

the water and the oil at angle of 60°. If the refractive index of 


water is 4 and the refractive index of oil is 1.8, calculate: 


ex from water to oil. 


(a) The relative refractive ind 
hen it falls on the interface between oil and air? 


(b) Will the light ray refract W! 
Explain your answer. 
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@ A tangential force acts on a plastic plate of area 240 cm? to slide it wiii 2 speed of 
0.4 m/s on another static plate where there is a layer of liquid of thickness 5 
between them. If the viscosity coefficient of the liquid is 2.1 N.s/m?, then 

the tangential force that acts on the plastic plate equals <... 


@3N (®)4N ©6N E 


@ A monochromatic light of wavelength 6000 A falls on a double slit. If the distance 
between the two slits is 0.001 m and the distance between the slits and the observation 
screen is 500 cm, then the distance between the fourth bright fringe and the fifth bright 
fringe equals +--+: à 


(8) 0.003 m (5)0.012 m (©9 x 107^ m (03 x 107^ m 
м 


Ө Two transparent media have different optical densities, the critical angle between them 
is 55° and the absolute refractive index of the optically rarer medium is 1.36, then 
the absolute refractive index of the optically denser medium iS +-+ + 


(152 (5) 1.56 ©) 162 (2166 


К _— 89 


(© The opposite graph shows the relation between 
the apex angles (A) of several thin prisms that 
are made of the same material and the angle 
of deviation (œo) of a light ray through each 


of them, so the refractive index of the prisms’ 
A (degree) 


material ds emm . 


(82)13 (b) 14 
©15 @ 175 
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г pipe ti 5 two differe: ; 2 
(3) А water рії two different cross-sectional areas, one at the ground floor of 15 ст 


and one at the upper floor of 2.5 cm?. If the speed of w the ground floor is 2 m/s, 
then "——— ê 
The volume flow The speed of the w н) 
rate (m/s) the upper floor (m/s) | 
(а) 10? 10 
(5 1073 D 
e 3x10? 10 
© 3x10? 12 


(6 A wave of frequency 100 Hz and wavelength 20 cm propagates in a medium, if it 
transfers to another medium where its speed becomes 30 m/s, then in the second 


medium 
The frequency (Hz) | The wavelength (cm) 
| 0 | m 20 
— e جت‎ 
бУ » | 
01 150 | ~ 30 ) 
= 


@ If the radius of a tube that carries a steadily flowing liquid decreases to its half, then 


the mass flow rate e . 


Ө, remains constant 
©) doubles @ quadruples 


Б 


5 decreases to its quarter 


ө A student uses іп the double-slit experiment laser rays of wavelength 6328 Å. If the 
distance between the double slit and the observation screen is 85 cm and the distance 


between the centers of the central fringe and the fourth bright fringe is 1.8 mm, then 


the distance between the two slits is 


| Dass mm (08 mm ©1mm @12mm 
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EXAM 


o The opposite figure shows a light ray that falls at an angle 0 


9 H " " ГВ) ر‎ 
on one of the faces of a triangular prism in the minimum "un 
н - *. V 
deviation position. 0.47 


If the refractive index of the prism’s material is 1.366, then / 
the angle of emergence and the minimum deviation angle 


PB od cuia uidi e IeSpectively. 


(8) 60°, 45° (5) 60°, 60° (c) 75°, 45° 75°, 60° 


{ @ If the speed of light in the two media X and Y are 2.4 x 108 m/s and 1.8 x 108 m/s 
respectively, then the critical angle between the two media is 7 G 

(3) 48.59° in medium X 

0 48.59° in medium Y 

(с) 53.13° in medium X 


(d) 53.13? in medium Y 
A. 


© A thin prism deviates light rays with an angle of 3.6°. If the apex angle of the prism is 5°, 


so the refractive index of its material equals ++--++- . 


| OF (Б) L5 (Qum 239 


@ The interference of light becomes less noticeable in Young's experiment when we + 
(а) using light of very high intensity 

(b) the distance between the two slits decreases 

(c) the distance between the two slits increases 


(d) the wavelength of the used light increases 
a 


(& If a light ray falls normal to one of the right angle faces of an isosceles triangular prism 
| of refractive index Y2, then the light ray that falls on the opposite side to the right angle 


УШ 
(а) emerge tangent to this face (b) emerge by angle of emergence of 60° 
© totally reflect (®©) emerge by angle of emergence of 70° 
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@ The opposite figure represents the relation between the d(cm) 
displacement (d) for one of the particles of a certain 
medium through which a wave is moving and the time (t) 4 


then the wave speed is +++ à 


©) 0.2 cm/s (5) 0.4 cm/s t) 
(c) 6 ems (d) вст 22cm À9 

(B The opposite figure represents a light ray that transfers 
from medium @) to medium (B), so the ratio between n Medium @) 


the speed of light in medium СУ and the speed of light Medium (B) 


in medium jS eem 


Ө, greater than 1 (5 less than 1 
(c) equal to 1 @ we can’t determine the answer without knowing the values of ф, Ө 


M 


(16) In the simple реп 
the motion of the pendulum? 


dulum, which of the following physical quantities doesn't change during 


(9 Displacement Velocity 
© Potential energy id Mechanical energy 
M 
@ The angle of deviation in the thin prism depends on all of the following 
except — 


(5 the first angle of incidence 


(а) the apex angle of the prism 
(d) the type of the prism's material 


©) the wavelength of the falling light 


M 
© When the periodic time of a wave moving in a medium increases, m А 
@ the wavelength increases (b) the wavelength decreases 
© the speed increases @ the speed decreases 


® A large tube of diameter 30 cm is branched into a number of narrow tubes each of radius 
І ter passing in the wide tube equals the speed of the water 


30 mm. If the speed of the wa 
then the number of the narrow tubes equals +--+ 


in the narrow tube, "T 
(6) 50 Os @ 100 


(a) 25 


ك 
з yalsel 345‏ لغات (ut CES)‏ / ٣ث‏ / ترم (E: ١‏ 


ATO 
= 
>< 
ш 


(e The opposite figure represents a hill that 
separates between a TV transmission station 
and a house. Although the hill acts as a shield 
for the station but the house receives the TV 
station perfectly, so what happened to the TV 
waves at the hill? 

@) Refraction (5 Diffraction 

©) Interference © Reflection 


@ When a light ray falls on one of the faces of an equilateral triangular prism in the position 
of minimum deviation, the second angle of incidence equals 1171 


(2)30* (b)45* (c) 60* (2) 90° 
S 


Answer the following questions (22:27) 


Ө A light ray falls оп an optical fiber cable that is made of a flexible material of refractive 
index 1.65. Calculate the least angle of incidence of the light ray that falls on the internal 


surface of the cable to undergo total internal reflection. 


(e A light ray falls on an optical fiber cable that is made of a flexible material of refractive 
index 1.65. Calculate the least angle of incidence of the light ray that falls on the internal 
surface of the cable to undergo total internal reflection. 
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at is the ü РВИ " : 
: te advice that you can give to the drivers to save fuel on 


Ө Asimple pendulum is displaced from its original position, 
then it is left to swing with a simple harmonic motion, 
at which position, the speed of the pendulum’s bob becomes 


maximum? 


@ From the opposite figure. calculate 
the value of angles Q, and 0. 


(Knowing that: sin (90 — Ө) = cos 0) 


® The opposite figure shows the path of a light ray that falls 


on one of the faces of a tri 
of the prism's material. 


angular prism, calculate: 


(a) The refractive index 


(b) The angle of deviation of the light ray. 
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[| Answer of General Exam @ (а) -: (пф), 


|'First | Choose the correct answer 


© 036€ 

© (904.05 

e © 4v 

99i 

© QD 1s, 2 ms 

(D @ 633 nm 

® © Cylinder 4 

[15] © mechanical waves 
@) (d) increases in area 
GG: 

DOn 


ec: 
@©0.04 т? 
OOP 

©@ greater than 1 
€ (2) 10 Hz 

Ф ® point b 
00° 

O (а) greater than 1 


OOF 
O135 


m 
T 134 
(sin 6,), = = ida: ^ 
na 7144 
= res us =107 
® ад, = Ў sin 9, = 134 


76,2 68.52° 
C Answer of General Exam X3 
HEA choose the correct answer 


[second Answer the following questions 
n, 
SUY э 2 
@-a,=a (s -1) 
“G21 
® Because of the viscosity of air, the air layers which 
is closer to the ground move slower than the layers 
which are at high distances from the ground. 
QD - From water to the plastic plate: 
1.33 sin 35* 
= 1.5 sin @, 
7.0, =30.6° 
- From plastic plate 
to air: 
15 sin 30.6 = sin [A 
D 9, =497° 
Another Solution : 
1.33 sin 35° =sin 9, 
9,-497* 
@ 15 sin 30 = sing 
2.9 = 48,6° 


0 зо Plastic plate 


@ (9 224 mis 
(917 


Ө! 
60 


6975 
684m 
O@154 
@O@37.8° 


OO: 
00i 
@) (3) 1.33 


Ф ® refracts toward the normal 

O Фое: 
G@s93° BOs 

(17) o always dark 

B © the source frequency (Ê) (2) greater than 1 


[20] (à) the refraction coefficient of the prism 


e (à) totally reflects 


Answer the following questions 


(22) To decrease the heat produced due to friction, to 


Protect the machine parts from corrosion and to 
increase their efficiency, 


а. AR AR 
< Ду= АК AAR 
® y d 4 у 


+. d= 575 × 10 × 275 

mAdA=20 X10 x275 
2.75 x 10° 

e `7 Momentum = Mass х Velocity 


= 575 um = 5.75 mm 


“e The viscosity of water is greater than that of air. 
7 The velocity of the body decreases more quickly 
When it moves in water than in air. 


*' momentum ec velocity 
.. The momentum of the body also decreases in 
water more quickly than in air. 
@ (а) зіп 45 =ү2 sinê, , 8, = 30° 
se 12 sin 30 = sin 9, EA 9, = 45° 
b) 0=ф+0,-А ~ 0=45 +45 - 60 = 30° 
e (a) A $10 —.55 cm 
(b) d = 2 x 4 x 25 = 200 cm 
e The light will emerge to the water because its 
angle of incidence is less than the critical angle 


between water and glass, where: 


8 ay 
sin ф. => , 


ES Choose the correct answer 
00O CIORI 

Ө (023 Nsm* Ө @ 844.8 cm 

© @ 0°, 1.35 Ө © 46.89° 

© (а) decreases © @ increases 

o © The amplitude = The distance between z and y 
O 5,02 @@02ms 
Gs 

® ® row with a greater force 

@ ®1 © @ greater than A 
[16] (5 It gets reflected because the angle of incidence 


is greater than the critical angle between the two 
media 


[17] © remains constant 

[15] ® The diffraction happens when light propagates 
in the same medium and the refraction happens 
when light transfers from one medium to another 

® © frequency €) (a) 471 kg 

e (à) all the previous 
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[second Answer the following questions 


[22] "ny sin ¢, =n, sin Ө, 


76,78, 
<- n, sin Ó, =n, sin 6, 
2. 8,=0,=45° 


Do 


The wavelength of red light is greater than that 
of blue light and as Ay e« À 

~<. The interference fringes will be more separated 
and noticeable. 


e The vibrational motion is considered a periodic 
motion because the body vibrates and repeats its 
motion in regular time intervals, but not every 
periodic motion is considered a vibrational motion 
as the motion of the Moon around Earth where it 
repeats itself in regular time intervals but it is not 
considered a vibrational motion. 


At minimum deviation: 


a +A 
sin ( = ) 
LA 
sin ($) 
а +45 
1. 32.8? =2 а. = 20.5? 
até 20.5 +45 m 
$,20,2—- n4 2777-328 


[7] Angle of reflection from the surface of 
the mirror = 21° 


E Answer of General Exam 


14) 


ШЕ Choose the correct answer 


Qos @®0.625 N 

Ө (с) 59.36° Q 2)», «v, 

Ө (3)650 nm Өт, >т, >т, 
© © remains constant ө ® 45° 
O®674x10° ms (Bis 
@@o1um (PION 

© © 1.62 ® © yellow 
(SOLE O © Constant, Constant 
(D) © sets refracted away from the normal line 
O04 ®®+=0=0 
69e 


@) Сс) increases, decreases 


Second Answer the following questions 

650-90-$ 
sin ф = n sin (90 ~ ф) 
sin $ = 1.55 cos ф 
tan ф = 1.55 
ф=57.17° 


~ Amplitude = 10-7 - 3 em 


7. The distance covered in complete vibration 
=3x4=12cm 
7. The distance covered during five complete 


vibrations = 12 x 5 = 60 cm 


e Because the angle of minimum deviation is defi 
from : 


ned 


(U +A 
sin (574) 
n=—12_/ 


EI 

and A is constant for the same prism but the 
refractive index (n) changes by changing the 
wavelength of the used light, so the angle of 


minimum deviation changes with the wavelength. 


aa 


Ф: 


12cm 


B 
5 
^ 


6x 10? = Ax 100 x 10? 
8x10? 
X248x107m 


8 
3210 625 x 10" Hz 
4.8 x 107 


| Answer of General Exam X3 
CEI choose the correct answer 


O® Ө © equal to 1 

© Q4 nn oo 

@©30cms Ө (b) greater than 1 

@@2 Ө (© 100 Hz 

От (D @s53.13° 

@ (Б) 198 im (B (9) kg. mis? 

B (2) water increases by decreasing the cross- 
sectional area of the nozzle 


D (3) zero, maximum 
(1510) emerges normal to the opposite face 
1 
bOr 069; 
5 sin(90-0) _ 4 
601 6907: -3 
® @ longitudinal 


@ С) When they encounters а sharp edge 


XT 


Answer the following que 


D Because when the outside is dark, the amount of 
light passing from the outside is very small, so the 
person can see his image as a result of the reflection 
of the small amount of light reflected by the glass 
of the room's window and when there is light 
outside, the amount of light passing from outside ia 
larger than the amount of the reflected light, so itis 
difficult for the person to see his image. 


e Because the angle of deviation depends on the 
refractive index of the prism for the light color and 
it is inversely proportional to the wavelength of 
the light, so as the wavelength of violet light is less 
than the wavelength of red light, hence the angle 
of deviation of violet light is larger than that of red 
light. 


A LS 
22-2 = Сл 450 

e sin 6. = x, sin >, A, ^ 600 

Jeb, = 48.6 

„апа it is located in medium А 

у, 

@ ~ Q,-Av =v 

ds ze =ліу 

100/900 
EE TIO =л1 (02) 
т=01т 


Answer of General Exam 63 
First | Choose the correct answer 


[1] ® greater than the critical angle between 
the prism and the liquid 


Өл», 12 
Ө © changes, remains constant 
1 
00i Өз" 
Ө © equal to 1 @ © sixth bright fringe 
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€ Q) 161 
@) (23.8, 45° 


@ 425 
M (5) 0.77 kg/s 
LOL 

® (5 the temperature of the fluid 
O00 xo; 
[16] (a) wavelength decreases to its half 


[1710] the wavelength of light in the first medium is 
smaller than the wavelength of light in the second 
medium 


«sr 
[19] © greater than 1 [20] © interference 


@} © the speed of the liquid at A is less than 
the speed of the liquid at B 


И Answer the following questions 


trek 

"e Я 3 4 

۴ _ Ayd 2x10 х7х10 — 7 
= R ^ 200x107 . =7х10 т 


® - The first angle of incidence (ф,) = The angle of 
emergence (8,) =, 
- The first angle of refraction (0) = The second 
angle of incidence (ф,) = 0, 
® The speed of water currents near the riverside is 
Jess than their speed in the middle of the river, 
so the aquatic plants could be seen at the slower 
currents region. 


_N_ 2048 _ 
@ (a) v= = p = 256 Hz 


()) T=4=39x 107s 

ae The optically rarer material (which has less 
refractive index) is used to make the external layer 
of the optical fiber, so it can reflect the light that 
may escape from the inner core. So, the double 
layer fiber decreases the loss of light energy. 


9-9-0 , А=ф,=45° 
халаф, = sino, +. 1.7 sin 45 = 3 sin0, 
~ Ө, = 64.36° 
a=, +0,-A 
s 0-046436-45 2. 0=1936° 


[8— 


EE 
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GES Choose the correct answer 


ЕЙ 


Q (510,2 Ө (5) 1000 
OO Ө Хов 

© (56 © (55 mm 

© ©2560 vibrations Ө ©21.73° 

© (84025 Ф 125 Nom? 
MOLS ms @©a.c 

© (b) decrease @ (а)зо° 
®@®е Фес 


O (3) the absolute refractive index of glass is greater 
than the absolute refractive index of the other 


medium 
[15] ©} ® (8) less than one 
@) (5) radio waves (2110) n <n, 


Answer the following questions 
® Because as the temperature i 


increases, the Viscosity 
of the fluids decreases, so hı 


‘oney flows faster in 


+ A= 45X10? x01 x 19? 
.. A= 45х10 хол x 107 


100 x 10° 
® ~ sin Ф. st 


П 
n 


=45х107 m 


NU mz X 
^ кафе 


7 6,2 4875 


m dina 
ini] 


“ tan (48.75) = 50 


^" r-]71cm 


® ‘sin [x 1 


=——150 em ——- 


Light source 


= oi 1 
^ Ed c 


эф -4lge 

7626, 

7 The ray will totally 
reflect inside the Prism. 


@ (a) Longitudinal wave. 
(b) 


d(cm) 
33cm 
15 
95| үтү Tz ms 
-15 
@ ~ 0,>0,>0, Sa <n <n 
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GE Choose the Correct answe 


r 
Өз Ө хаах 
Ө (3) ed 


© total internal reflection 


[5] © equal to one 


O (24e 
OO: Ө © 48.59" 
[9] @) doesn't change 
ПОХ) transverse, longitudinal 
Q 206 ®@+ 
OO 0O4 
€B (2) material A O @ greater than one 
® © Фо i hour 
9 (3)2x10?, @ (2) 90° 
Q (343, 
| Second] Answer the following questions 
лра 1 аст 
(22) «аф, s. “sin 42 => 
“n=1,49 


U sin =n sin 25° 
“^ $ =39.17° 


<. sin d= 1.49 x sin 25 


ESTEE co, = 14° 
11d, = 8, = 14° 7. sin à, =n, sin Ө, 
asing = 1.6 sinld ф,=228° 
„к, \. (0.6) 
a EUM PESE 
G+ Oy) dy (A), = 515 x 19? 
2 (Ay), = 4000 A 
AR, A (0.8) 
т (Ay), — Adi = — 
2 (AY), d, (Ay), Tari 
2 (Ау), 24571. 
AR, 
C 
کد )رو‎ 
c de 
А (X08) 
5 У): 915x107 
+. (Ау). = 5333 À 
7 (Ay), < (Ay), < (Ауу 
@ (a) Ө = 90° – 22° = 68° 
айз Жы укый. sui 
(b) aT n=; alU 


& To increase the flow speed of water at the nozzle of 
the hose where the flow speed of water is inversely 
proportional to the cross-sectional area based on the 
continuity equation, so the water rushing out of the 
hose can reach far distances. If the hoses are of wider 


nozzles, the water speed at the nozzle will decrease. 


Answer of General Exam @ 


First] Choose the correct answer 
00 OO hioa < Pea 
© © 336.6 mis 0045 

Ө (9 1.77 ms 

[6] (5 71.33° and it is located іп the container medium 
[7] ® o © greater than 1 
Q 53cm @ (916 

O © Viscosity coefficient @ Сс) 60° 

BO the density of the liquid 

691 Goos 
Gui (9 393526 
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BOZ @O©25 x 10° m/s 


@ (а) fringes become more distant from each other 


ZOK 
Secor | Answer the following questions 


e Because the range of wavelengths of visible 
light extends from 400 nm to 700 nm which arc 
very small wavelengths so that light diffraction 
doesn't appear because visible light needs very 
small aperture sizes for the appearance of light 
diffraction patterns. 

& As temperature decreases, the viscosity of the 
liquid increases, its resistance to the motion of a 
solid object inside it increases where the frictional 


forces between the liquid and the object increases. 


(24) +: The two waves propagate in the same medium. 


„Мр 

UM T, 

T, „ħal 
kn “4,72 


+: The light ray deviates by an angle of 28° 
^ 0, = +A = 28° + 35° = 63° 
^. n sin >, = sin Ө, 


sin Ө, 


X * m 

€5(3 (0), =A (n, - 1) =8 (15-1) =4° 
(Q2, =A (n, - 1) = 8(155- 1) = 44° 

GO, 4444 


^ y 2 2 


(b) (a, - (a), = 4.4-4 = 04* 


n 
@ 0 n= 1-135 
Am 
(b) no sind, =n, sin EA 
. $ sin 60 = 1,8 sin 8, Ө, = 39.9" 
+ 0, =, = 39.9" 
a he = 33.75" 


у. The ray will not refract into air. 
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First] Choose the correct answer 
OLN @@0.003 m 

O Qs O@ 175 
@@3~x 107,12 О © 100, 30 

@ ®© remains constant Ө (2) 1.2 mm 

© @)75°, 60° (D) © 48.59° in medium Y 
Q Qin 

[12] © the distance between the two slits increases 
(BD (2) emerge tangent to this face 

©) (2502 cms (B (a) greater than 1 
[16] © Mechanical energy 

O © the first angle of incidence 

© © the wavelength increases 

9 (925 

[20] ® Diffraction 

@ @зо 


[Second | Answer the following questions 


e- n=% ~ d=AN 


® -- sin $. =} 


E 


B) In medium 


resulting from air viscosity is di 


and Uniform s; сс ir 
Speeds ai resi 
Sistancg 
ce 


TC 
to the speed i чу “Potion 
speed of the moving body and wh al 
uh еп the 
ain limit, the air resistangg 
becomes directly Proportional to the Square of 
Square oy 


€ speed itself leading toa 
noticeable increase in fuel consumi 


speed exceeds a cert 


the speed and not th 


tion, so the 


driver has to consider not Exceeding such limit 
" 1 


(80 – 90 km/h). 
@ At position O 
@ ~ 0, -90- 6, 
7$,70 
78,290-6, 
w sin $, = 1.33 sin 9, 
^. sin $, = 1.33 sin (90 6.) 
Л. Sin , = 1.33 cos 9, 
© an ф = 1.33 
5,2 53° 
^ Ө, = 90° — 53° = 37° 
@ (а) ^ п sin 30 = sin 49 
~n=15 
(b) *.' sin %, = 1.5 sin 35 
^ Q, = 5936 
=O, *0,-A 
^. O = 59.36 + 49 – 65 = 43.36? 


